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NOVEL 3-NITROPYRIDINE DERIVATIVES AND THE PHARMACEUTICAL 
COMPOSITIONS CONTANING SAID DERIVATIVES 

TECHNICAL FIELD 

The present invention relates to novel 3-nitropyridine 
derivatives and the pharmaceutical compositions containing said 
derivatives. More specifically, the present invention relates 
to 3-nitropyridine derivatives and their pharmaceutically 
acceptable salts, represented by the following formula 1, which 
effectively inhibit proliferation of hepatitis B virus and human 
immunodeficiency virus. This invention also relates to the 
process for preparing 3-nitropyridine derivatives and to the 
pharmaceutical compositions containing said derivatives as 
effective ingredients against viruses. 
Formula 1 
O 



1! 




Wherein, 



Ri is methoxy or 



wo 01/38306 



PCT/KROO/01365 



R3 is hydroxy, dialkylamino group with C2'^Cer straight 
or branched hydroxyalkyl group with C-'^Ce, straight or branched 
dihydroxyalkyl group with Cs'^Cer alkoxyalkyl group with Cs'-Ce, 
or saturated or unsaturated 5 or 6memberedheterocyclic compounds 
containing 1 to 3 heteroatoms selected from N, O, and S, which 
may be unsubstituted or substituted with alkyl group of Ci-^Ca; 
R3 may or may not contain asymmetrical carbons; 

R4 is H, straight or branched alkyl group with Ci-^C4, or 
cycloalkyl group with Cs'-^Ce'r 

R3 and R4 both may consist of 5 or 6 membered heterocyclic 

ring containing 1-^3 heteroatoms selected fromN, O, and S, which 
is unsubstituted or substituted with straight or branched alkyl 
group with Ci^Cs, straight or branched hydroxyalkyl group with 
C2'^C5, or hydroxy; 

R2 is indazol-5-yl, or indazol-6-yl ; 

n is an integer between 0 and 3. 

BACKGROUND ART 

Hepatitis B virus (HBV; referred as "HBV" hereinafter) 
causes acute or chronic hepatitis, which may progress to liver 
cirrhosis and liver cancer. It is estimated that three hundred 
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million people are infected with HBV in the world (Tiollais & 
Buendia, Sci. Arn., 264 , 48, 1991). There has been much research 
about the molecular biological characteristics of HBV and their 
relationship to liver diseases in order to find ways to prevent 
and treat hepatitis B. Various vaccines and diagnostic drugs 
have been developed and much effort is being channeled into 
research to find treatment for hepatitis B. 

HBV genome consists of genes for polymerase (P) , surface 
protein (pre-Sl, pre-S2 and S) , core protein (pre-C and C) , and 
X protein. Of these proteins expressed from HBV genes, 
polymerase, surface protein, and core protein are structural 
proteins and X protein has a regulatory function. 

The gene for HBV polymerase comprises 80% of the whole 
virus genome and produces a protein of 94kD size with 845 amino 
acids, which has several functions in the replication of virus 
genome. This polypeptide includes sequences responsible for 
activities of protein primer, RNA dependent DNA polymerase, DNA 
dependent DNA polymerase, andRNaseH. Kaplan and his coworkers 
first discovered reverse transcriptase activities of polymerase, 
which led to much research in replicating mechanism of HBV. 
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HBV enters liver when antigenic protein on virion surface 
is recognized by hepatic cell-specific receptor. Inside the 
liver cell, DNAs are synthesized by HBV polymerase action, 
attached to short chain to form complete double helix for HBV 
genome. Completed double helical DNA genome of HBV produces 
pre-genomic mRNA and mRNAs of core protein, surface protein, 
and regulatory protein by the action of RNA polymerase. Using 
these mRNAs, virus proteins are synthesized. Polymerase has 
an important function in the production of virus genome, forming 
a structure called replicasome with core protein and pre-genomic 
mRNA. This process is called encapsidation . Polymerase has 
repeated units of glutamic acid at the 3' -end with high affinity 
for nucleic acids, which is responsible for facile encapsidation . 
When replicasome is formed, (-) DNA strand is synthesized by 
reverse transcribing action of HBV polymerase and ( + ) DNA strand 
is made through the action of DNA dependent DNA polymerase, which 
in turn produces pre-genomic mRNAs. The whole process is 
repeated until the pool of more than 200 to 300 genomes is 
maintained (Tiollais and Buendia, Scientific American, 264: 
48-54, 1991) . 



wo 01/38306 



PCT/KROO/01365 



Although HBV and HIV are different viruses , the replication 
mechanisms during their proliferation have some common steps, 
namely, the reverse transcription of virus RNA to form DNA and 
the removal of RNA strand from subsequently formed RNA- DNA hybrid . 

Recently, nucleoside compounds such as lamivudine and 
famvir have been reported to be useful inhibitors of HBV 
proliferation, although they have been originally developed as 
therapeutics for the treatment of acquired immune deficiency 
syndrome (AIDS ; referred as ^^AIDS'^ hereinafter ) and herpes zoster 
infection (Gerin, J, L, Hepatology, 14: 198-199, 1991; Lok, A. 
S. P., J. Viral Hepatitis, 1: 105-124, 1994/ Dienstag, J. L. 
etai-, New England Journal of Medicine r 333: 1657-1661, 1995). 
However, these nucleoside compounds are considered a poor choice 
for treatment of hepatitis B because of their high cost and side 
effects such as toxicity, development of resistant virus and 
recurrence of the disease after stopping treatment. Effort to 
find therapeutics for hepatitis B among non-nucleoside compounds 
has been continued and antiviral effects against HBV have been 
reported for quinolone compounds (EPO 563732, EPO 563734) , iridos 
compounds (KR 94-1886) , and terephthalic amide derivatives (KR 



wo 01/38306 



PCT/KROO/01365 



96-72384, KR 97-36589, KR 99-5100). In spite of much effort, 
however, effective drugs for treating hepatitis B have not been 
developed yet and therapeutic method mainly depends on 
symptomatic treatment . 

AIDS is a disease inducing dramatic decrease in immune 
function in the body cells and causing various symptoms of 
infection rarely seen in normal human beings, which spread to 
the whole body. Human immunodeficiency virus (HIV; referred 
as "HIV" hereinafter) responsible for AIDS is known to mainly 
attack helper T cells, which is one of the T cells with regulatory 
function in the immune system. When helper T cells are infected 
with HIV virus and undergo necrosis, human immune system cannot 
function properly. Impairment in immune function subsequently 
results in fatal infection and development of malignant tumor. 
Since AIDS patient has been found in USA in 1981 for the first 
time, the number increased to more than 850, 000 patients in 187 
countries in 1993 (WHO 1993 report) . WHO predicted that 30 to 
40 million more people would be infected with HIV by the year 
2000 and 10 to 20 million of them would develop the disease. 



wo 01/38306 



PCT/KROO/01365 



At the present time, drugs controlling proliferation of 
HIV have been most widely used for the treatment of AIDS. Of 
these, Zidovudine, which had been named Azidothymidine 
previously, is a drug developed in 1987. Didanosine was 
developed in 1991 as an alternative medicine for AIDS patients 
when Zidovudine was either ineffective or could not be used due 
to side effects. In addition, Zalcitabine was approved for 
concurrent use with Zidovudine in 1992. These drugs alleviate 
symptoms, slow down progression of the disease in the infected 
individuals to full-blown AIDS, and somewhat extend life span 
in the patients. These drugs, however, are not able to cure 
the patients completely and often develop problems such as 
resistance and side effects. 

In light of these problems, we, inventors of the present 
invention, tried to develop therapeutics to treat hepatitis B 
with little chance of toxicity, side effects, and development 
of resistant viral strains. We found non-nucleoside compounds 
with excellent antiviral effect against HBV; synthesized novel 
3-nitropyridine derivatives represented in formula 1 and 
completed the invention by showing their dramatic inhibitory 
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effect on proliferation of HIV as well as of HBV. 



DISCLOSURE OF INVENTION 

The present invention provides novel 3~nitropyridine 
derivatives and the pharmaceutical compositions containing said 
derivatives . More specifically, the present invention provides 
3-nitropyridine derivatives and their pharmaceutically 
acceptable salts, the process for their preparation and the 
pharmaceutical compositions containing said derivatives as 
effective ingredient. 3-nitropyridine derivatives of the 
present invention inhibit proliferation of hepatitis B virus 
as well as of human immunodeficiency virus and may be effectively 
used for prevention and treatment of hepatitis B and AIDS. 

In order to accomplish the aforementioned goal, the present 
invention provides novel 3-nitropyridine derivatives 
represented below in formula 1 and their pharmaceutically 
acceptable salts. 
Formula 1 



8 
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O 




Wherein, 

Ri is methoxy or ^4 ; 

R3 is H, hydroxy, dialkylamino group with C2'^C6, straight 
or branched hydroxyalkyl group with C2^^e, straight or branched 
dihydroxyalkyl group with Ca'-^Ce, alkoxyalkyl group with Ca-^Ce, 
or saturated or unsaturated 5 or 6meinberedheterocyclic compounds 
containing 1 to 3 heteroatoms selected from N, O, and S, which 
may be unsubstituted or substituted with alkyl group with Ci'-Ca; 

R3 may or may not have asymmetrical carbons; 

R4 is H, straight or branched alkyl group with Ci — C^, or 
cycloalkyl group with Cs^^Ce; 

R3 and R4 both may consist of 5 or 6 membered heterocyclic 
ring with 1 to 3 heteroatoms selected from N, O, and S, which 
is either unsubstituted or substituted with straight or branched 
alkyl group with Ci^Cs/ straight or branched hydroxyalkyl group 
with C2'^C5, or hydroxy; 

R2 is indazol-5-yl, or indazol-6-yl ; 
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n is an integer between 0 and 3. 



When both R3 and R4 are represented as a 5 or 6 membered 
heterocyclic compounds with 1 to 3 heteroatoms selected from 
N, Or and S, n equals 0. This heterocyclic ring may be 
unsubstituted or substituted with straight or branched alkyl 
group with Ci'-Cs, straight or branched hydroxyalkyl group with 
C2^C5^ or hydroxy group; 

When compounds of formula 1 have asymmetrical carbons, 
they may exist as either R or S optical isomer and the present 
invention covers both optical isomers and the racemic mixture 
as well. 

Indazol-5-yl and inda2ol-6-yl groups for R2 in the present 
invention are represented in formula 2 and 3 respectively. 
Formula 2 




Formula 3 



10 
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Compounds of formula 1 in the present invention may be 
utilized in the form of salts and the acid addition salts prepared 
5 by adding pharmaceutically acceptable free acids are useful. 
Compounds of formula 1 may be changed to the corresponding acid 
addition salts according to the general practices in this field. 
Both inorganic and organic acids may be used as free acids in 
this case'. Among inorganic acids, hydrochloric acid, 

10 hydrobromic acid, sulfuric acid, and phosphoric acidmay be used. 
Among organic acids, citric acid, acetic acid, lactic acid, 
tartaric acid, maleic acid, f umaric acid, formic acid, propionic 
acid, oxalic acid, trif luoroacetic acid, benzoic acid, gluconic 
acid, methanesulf onic acid, glycolic acid, succinic acid, 

15 4-toluenesulf onic acid, galacturonic acid, embonic acid, 
glutamic acid and aspartic acid may be used. 

The present invention also provides the process for 
preparing 3-nitropyridine derivatives of formula 1 as 



11 
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represented in scheme 1. 
Scheme 1 




Wherein, X is CI or OCH3; R2, R3, R4 and n are as defined 
in formula 1- 



The process of preparation in the present invention 
comprises the following steps: 

(Step 1) Synthesis of 3-nitropyridine derivatives of 
formula 6 by reacting 2-chloro-3-nitropyridine derivatives of 
formula 4 with 5-aminoindazole or 6-aminoindazole of formula 
5 in a proper solvent under a basic condition at an appropriate 
temperature; 

(Step 2) Synthesis of 3-nitropyridine derivatives of 
formula 1 by reacting 3-nitropyridine derivatives of formula 



12 
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6 prepared in step 1 with appropriate amine compounds of formula 

7 in a proper solvent under a basic condition at an appropriate 
temperature . 

When Ri in the compound of formula 1 is a methoxy group, 
step 1 completes the synthesis of desired compound (X=0CH3) . 
In this case^ the present invention includes the method of 
preparing 6-methoxy-3-nitropyridine derivatives of formula 6 
by reacting 2-chloro-6-methoxy-3-nitropyridine of formula 4 
with 5-aminoindazole or 6-aminoindazole of formula 5 in the 
presence of a base. 

Scheme 2 




Compound of formula 4 in the first step of scheme 1 is 
2-chloro-6-methoxy~3-nitropyridine or 
2, 6-dichloro-3-nitropyridine . 

Chemical reagents used in the first and the second steps 
of scheme 1, namely, 2-chloro-3-nitropyridine derivatives of 
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formula 4, 5-aminoindazole or 6-aminoindazole of formula 5, and 
amine compounds of formula 1, are commercially available and 
may be purchased. 

Compound of formula 7 in the step 2 above is used to introduce 
a substituent (R3- {CH2) n-NR4-) into the compound of formula 1 
and an appropriate amine compound should be selected depending 
on the substituent desired, which can be easily done by one with 
general knowledge in the technical field. 

To give more specific details about step 1 in the synthetic 
process, an organic base may be used and common tertiary amines 
such as triethylamine, N^N-diisopropylethylamine, 

N-methylmorpholine , N-methylpiperidine , 

4-dimethylaminopyridine, A^^ A^-dimethylaniline , 2, 6-lutidine, 
pyridine are preferable. 

Preferable reaction time and temperature are 4-^15 hrs and 

20-60 r. 

Preferable for the reaction is a single or a mixture of 
solvents selected from chloroform, methylene chloride, 
acetonitrile and alcohols such as methanol and ethanol. 

Of 3-nitropyridine derivatives of formula 6 produced in 
the reaction of step 1, one with chloro group at 6 position is 
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used in the following reaction of step 2. 

The reaction in step 2 is described in more detail. 
Preferable solvent is a single or a mixture of solvents selected 
from acetonitrile, chloroform^. methylene chloride, 
tetrahydrof uran, A% N-dimethylf ormamide , 

A/-methylpyrrolidinone, pyridine, water and alcoholic solvents 
such as methanol, ethanol, and isopropanol. 

It is preferable to use excess amount of amine compound 
(formula 7 ) to increase the efficiency of the reaction . Solvents 
used in the previous step 1 for the synthesis of 3-nitropyridine 
derivatives of formula 6 are preferable. Reaction temperature 
of 25 — 80 °C is preferable although it depends on the kind of 
amine compound used. 

In another aspect of this invention, also provided are 
the pharmaceutical compositions of therapeutics for preventing 
and treating hepatitis B, which contain 3-nitropyridine 
derivatives of formula 1 and their pharmaceutically acceptable 
salts as effective ingredients. 

The present invention also provides the pharmaceutical 
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compositions of therapeutics for preventing and treating AIDS, 
which contain 3-nitropyridine derivatives and their 
pharmaceutically acceptable salts of formula 1 as effective 
ingredients . 

3-nitropyridine derivatives of formula 1 in this invention 
have inhibitory effect on proliferation of both HIV and HBV 
because they interfere with removal of RNA strand from RNA-DNA 
hybrid formed during the reverse transcription of viral RNA to 
DNA, which is a common step in the replication mechanism of the 
two viruses. 

Compounds of formula 1 may be taken orally as well as through 
other routes in clinical uses; for example, it may be administered 
intravenously, subcutaneously, intraperitoneally , or locally 
and used in the form of general drugs. 

For clinical use of drugs with the pharmaceutical 
compositions of the present invention, compounds of formula 1 
may be mixed with pharmaceutically acceptable excipients and 
made into various pharmaceutically acceptable forms; for example, 
tablets, capsules, trochese, solutions, suspensions for oral 
administration; and injection solutions, suspensions, or dried 
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powder to be mixed with distilled water for the formulation of 
instant injection solution. 

Effective dosage for compound of formula 1 is generally 
10 — 500 mg/kg, preferably 50^300 mg/kg for adults, which may 
be divided into several doses, preferably into 1~6 doses per 
day if deemed appropriate by a doctor or a pharmacist. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Practical and presently preferred embodiments of the 
present invention are illustrative as shown in the following 
Examples . 

However, it will be appreciated that those skilled in the 
art, on consideration of this disclosure, may make modifications 
and improvements within the spirit and scope of the present 
invention . 

<Preparation Example 1> Preparation of 6-chloro-2- (lH-5- 
indazolylamino) -3-nitropyridine . 

To the solution of 2, 6-dichloro-3-nitropyridine (4g) and 
5-aminoindazole (2.8 g) in acetonitrile (50 ml) was added 
triethylamine (3.2 ml), and then the solution was reacted at 
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20-25°C for 12 hr . The reaction mixture was cooled at room 
temperature, added H2O 30 ml slowly, and then reacted at 20°C 
for 1 hr . The reaction mixture was filtered, washed with the 
mixture solution (15 ml) of acetonitrile : H2O =1: 1 (volume 
ratio) and dried at 50°C in vacuo to obtain the desired compound 
(4.7 g, 78%) . 

m. p . : 2 33 °C (dec - ) 

^H-NMR (DMSO-de) , ppm : 5 6. 94 (d, IH) ,7.44 (d, IH) , 7 . 56 (d, 
IH) , 7 . 91 (s, IH) , 8 . 08 (s, IH) , 8.53 (d, IH) , 10. 20 (s, IH) , 13. 12 (br 
s, IH) 

<Preparat:ion Example 2> Preparation of 6-chloro-2- (lH-6- 
indazolylaznino) -3-nitropyridine . 

To the solution of 2 , 6-dichloro-3-nitropyridine (4 g) 
and 6-aminoindazole (2.8 g) in acetonitrile (50 ml) was added 
triethylamine (3,2 ml), and then the solution was reacted at 
35-40*C for 12 hr. The reaction mixture was cooled at room 
temperature with slowly adding H2O (20 ml) , and then reacted 
at 20-25*C for 1 hr. The reaction mixture was filtered, washed 
with acetonitrile (6 ml) and H2O (15 ml), and then dried at 50 1C 
in vacuo to obtain the desired compound (4.4 g, 73%). 

18 
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m. p . : 2 34 (dec . ) 

'h-NMR (DMSO-de) . ppm : 5 7 . 02 (d, IH) , 7 . 20 (d, IH) , 7 . 73 (d, 
IH), 7.99(d, 2K), 8.55(d, IH) , 10.26(s, IH) , 13.09(s, IH) 

<Example 1> Preparation of 2- (lH-5-indazolylamino) -6-methoxy 
-3-nitropyridine . 

To the solution of 2-chloro-6-methoxy-3-nitropyridine (5 
g) and 5-aminoindazole (3.7 g) in methanol (60 ml) was added 
triethylamine (4.1 ml), and then the solution was reacted at 
25-30 "C for 5 hr. The reaction mixture was cooled at room 
temperature with slowly adding H2O (30 ml) , and then stirred 
for 0.5 hr. The reaction mixture was filtered, washed with 
methanol (10 ml), obtained a solid product. The solid product 
was dried at 50"C in vacuo to obtain the desired compound (6.5 
q, 86%) . 

m.p. : 206-208 ^ 

^H-NMR (DMSO-d^) , ppm : 5 3. 80 (s, 3H) , 6.32 (d, IH) , 7. 55 (m, 
2H), 8.06(3, 2H), 8.43(d, IH) , 10.52(s, IH), 13.09(brs, IH) 

<Exaiiiple 2> Preparation of 2- (lH-6-indazolylamino) -6-methoxy 
- 3-nitropyridine . 
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To the solution of 2-chloro-6-methoxy-3-nitropyridine (5 
g) and 6-aminoindazole (3.9 g) in methanol (60 ml) was added 
triethylamine {4,1 ml), and then the solution was reacted at 
55-60t^ for 14 hr. The reaction mixture was cooled at room 
temperature, added H2O 30 ml slowly at 25^C, and then stirred 
for 0.5 hr. The reaction mixture was filtered, washed with 50% 
aqueous methanol solution (15 ml) and obtained a solid product. 
The solid product was dried at SO'C in vacuo to obtain the desired 
compound (6.8 g, 90%). 

m.p. : 261-264 °C 

^H-NMR (DMSO-de) , ppm : 6 3. 94 (s, 3H) , 6.39 (d, IH) ,7.24 (m, 
IH), 7.71(d, IH), 8.01(s, IH) , 8.19(s, IH) , 8.44(d, IH) , 10.62(s, 
IH) , 13.04 (br s, IH) 

<Exainple 3> Preparation of 2- (lH~5-indazolylamino) -6-methyl 
amino- 3 -nitr ©pyridine . 

To the solution of methanol with 40% methylamine (20 ml) 
was added 2- ( lH-5-indazolylamino) -"6-methoxy-3-nitropyridine 
(1 g) obtained by the example 1, and the solution was reacted 
at25*C forlhr. The reaction mixture was added H2O (20ml) slowly 
and stirred for 1 hr . The reaction mixture was filtered, washed 
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with 30% aqueous methanol solution (5 ml) and then obtained a 
solid product. The solid product was dried at 50-60 ''C in vacuo 
to obtain the desired compound (0.82 g, 82%). 
m.p. : 238-^240 

^H-NMR (DMSO-de) , ppm : 6 2.86(d, 3H) , 6.09(d, IH) , 7.51 (d, 
IH) , 7.57 (d, IH) , 8.05 (t, 2H) , 8.2 4 (d, 2H) , 10. 97 (s, IH) ,13,05 (br 
s, IH) 

<Example 4> Preparation of 2- (lH-6-indazolylainino) -6-methyl 
amino-3-nitropyridine . 

To the solution of methanol with 40% methylamine (20 ml) 
was added 2- ( lH-6-inda2olylamino) ~6-methoxy-3~nitropyridine 
(1 g) obtained by the example 2, and the solution was reacted 
at 25~30'C for 2 hr. The reaction mixture was cooled and stirred 
at 20t; for 0.5 hr. The reaction mixture was filtered, washed 
with methanol (4 ml) and then obtained a solid product . The solid 
product was dried at 4 0lC in vacuo to obtain the desired compound 
(0.79 g, 79%) . 

m.p. : > 270 V 

'H-NMR (DMSO-de), ppm : 6 2.98(d, 3H), 6.15(d, IH) , 7.18 (d, 
IH) r 7.69(d, IH) , 7.99(s, IH) , 8.09(d, IH) , 8 . 35 (br s, IH) , 8 . 44 (s. 
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IH), 11.14(s, IH), 13.03(br s, IH) 

<Example 5> Preparation of 2- (lH-5-indazolylamino) -6-isopropyl 
ainino-3-nitropyridine . 

To the solution of 

2- (IH-S-indazolylamino) -6-methoxy-3-nitropyridine (1 g) 
obtained by the example 1 in methanol (20 ml) was added 
isopropylamine (20 ml) slowly and reacted at 45'C for 20 hr. 
The reaction mixture was cooled, added H2O (60 ml) at 25'C and 
then stirred for 1 hr The reaction mixture was filtered, washed 
with 20 % aqueous methanol solution (5 ml) and then obtained 
a solid product . The solid product was dried at 50 ~ 60 "C in vacuo 
to obtain the desired compound (1.05 g, 96%). 
m.p. : 233'^235 *'C 

^H-NMR (DMSO-de) , ppm : 5 1 . 15 (d, 6H) , 4 . 03 (m, IH) ,6.06 (d, 
IH) , 7 . 50 (d, 2H) , 8 . 05 (m, 2H) , 8 . 15 (t, 2H) , 10 . 97 (s, IH) , 13. 06 (br 
s, IH) 

<£xample 6> Preparation of 2- (lH-6-indazolylamino) -6-isopropyl 

auaino-3-nitropyridine . 

To the solution of 

22 
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2- ( lH-6-indazolylamino) -6-methoxy-3-nitropyridine (1 g) 
obtained by the example 2 in methanol (20 ml) was added 
isopropylamine (20 ml) slowly and reacted at 45''C for 45 hr. 
The reaction mixture was cooled and stirred at 25°C for 1 hr. 
The reaction mixture was filtered^ washed with methanol (5 ml) 
and then obtained a solid product. The solid product was dried 
at 4 0 — 50 in vacuo to obtain the desired compound (0.95g, 87%) . 
m.p. : > 270r 

^H-NMR (DMSO-de) , ppm : 6 1. 2 3 (d, 6H) , 4 . 17 (m, IH) , 6. 12 (d, 
IH), 7.15(d, IH), 7.68{d, IH) , 8.00(s, IH) , 8.09(d, IH) , 8.28(d, 
IH), 8.35(s, IH) , 11.12(s, IH) , 13.08(br s, IH) 

<£xample 7> Preparation of 2- (lH-5-indazolylamino) -6-isobuthyl 
amino- 3 -nitr ©pyridine . 

To the solution of 

2- ( lf/-5-indazolylamino) -6-methoxy-3-nitropyridine (1 g) 
obtained by the example 1 in methanol (20 ml) was added 
isobuthylamine (15 ml) slowly and reacted at 45'-50'C for 20 hr. 
The reaction mixture was cooled^ added H2O (40 ml) slowly and 
then stirred at 25TC for 1 hr . The reaction mixture was filtered, 
washed with 30% aqueous methanol solution (5 ml) , obtained a 
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solid product. The solid product was dried at 50 — 60°C in vacuo 
to obtain the desired compound (0.95 83%). 
m.p. : 230-232 V 

^H-NMR (DMSO-de) , ppm : 6 0 . 83 (d, 6H) , 1 . 83 (m, IH) , 3 . 11 (d, 
2H), 6.11{d, IH), 7.50(s, 2H) , 7,99(s, IH), 8.06(d, IH) , 8.19{d, 
IH), 8.39(t, IH), 10.91(s, IH) , 13.07(brs, IH) 

<Example 8> Preparation of 6-cyclopropylainino-2- (lH-5-indazol 
ylamxno) -3-nitropyridine . 

To the solution of 

2- ( lH-5-indazolylamino) -6-methoxy- 3-nitropyridine (1 g) 
obtained by the example 1 in methanol (20 ml) was added 
cyclopropylamine (10 ml) slowly, heated and reacted at 40^45*C 
for 25 hr. The reaction mixture was cooled with adding H2O (40 
ml) slowly and stirred at 25'C for 1 hr. The reaction mixture 
was filtered, washed with 30% aqueous methanol solution (5 ml) , 
obtained a solid product. The solid product was dried at 50 *C 
in vacuo to obtain the desired compound (0.82 g, 75%). 
m.p. : 237-240 

^H-NMR (DMSO-de) , ppm : 5 0.56(m, 2H) , 0.81(m, 2H) , 2.81(br 
s, IH) , 6. 0 6 (d, IH) , 7 . 50 (d, IH) , 7 . 62 (d, IH) , 8 . 02 (s, IH) , 8 . 09 (d, 

24 
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IH), 8.46(s, IH), 8.57(s, IH) , 11.02(s, IH) , 13.04(brs, IH) 

<Exainple 9> Preparation of 6-amino-2- (IH-B-indazolylaoaino) - 
3-nitropyridine . 

To the solution of 

6-chloro-2- ( lff-5-indazolylamino ) -3-nitropyridine (1 g) 
obtained by the preparation example 1 in chloroform (20 ml) 
was added 7 N ammonia solution in methanol (30 ml) and reacted 
at 35-^40 *C for 15 hr. The reaction mixture was cooled, 
concentrated under reduced pressure at 25 *C and then 
precipitated with treatment of methanol (10 ml) . The reaction 
mixture was filtered, which was recrystallised with methanol : 
methylene chloride =4: 1 to obtain the desired compound (0.63 
g, 67%) 

m- p . : 263 (dec . ) 

^H-NMR (DMSO-de) , ppm : 5 6 . 05 (d, IH) , 7 . 48 (m, 2H) , 7 . 56 (br 
s, IH) , 7,65(brs, IH) , 8.01(s, IH) , 8.12(d, IH) , 8.28(s, IH) , 
10-81(s, IH) , 13.06(br s, IH) 

<£xample 10> Preparation of 6- (2-hydroxyethyl)niethylamino-2- 
(IH-S-indazolylamino) -3-nitropyridine . 
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To the solution of 

6-chloro-2- ( lH-5-indazolylamino) ~3-nitropyridine (1 g) 

obtained by the preparation example 1 in acetonitrile (20 ml) 
was added 2- (methylamino) ethanol (1.4ml) and triethylamine (0.6 
ml ) and then ref luxed for 12 hr . The reaction mixture was cooled, 
precipitated with adding excess H2O at20 — 25°C, filtered to obtain 
solid. The above obtained solid was washed with water, dried 
at 50 *C in vacuo and recrystallised with chloroform : ether = 
1: 3 to obtain the desired compound (0.7 g, 62%). 

m.p. : 172-174 V 

^H-NMR (DMSO-de) , ppm : 5 3.14 (s, 3H) ,3.64 (m, 4H) , 4.80 (d, 
IH) , 6. 36 (d, IH) , 7 . 50 (s, 2H) , 8 . 02 (s, IH) , 8 . 15 (m, 2H) , 10. 71 (d, 
IH) , 13. 03 (br s, IH) 

It was prepared compounds in prepared example 11~30 as 
the same method used for the example 10. It is shown in Table 
1 that the compound name, yield, recrystallizing solution, 
melting point of compounds in prepared example 11^30 and 
3-nitropyridine derivatives (_6) and amine compound {]_) as 
starting materials. It is shown in Table 2 that "''"-NMR of 
compounds in prepared example 11~30. 
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Ex amp 

JLe 


Compounds 


3-nitropyridine 
derivatives (_6) 


amine compound (7) 


Recrystallising 
soln 


Yield 

(%) 


m . p . ( r ) 


11 


6-erhyl- ( 2-hydroxyethyl ) amino-2- ( lf/-5-inda zolyl air^xno } - 3-r.i t r opyridine 


Preparation 
example 1 


2- (ethylamino) ethanol 


methanol / ether 
(1:2) 


52 


164 -166 


12 


6- [ (IS) -1- (hydroxyethyl) ethyl amino] -2- (lH-5-indazclylamino) -3-nitropyri 

dine 


Preparation 
example 1 


( S) -2-amino-l-propanol 


ethanol 


75 


>270 


13 


6- [ ( 1 S) -1- (hydroxyethyl ) ethylamino] - 2- ( lii-6-inda2clylamino) - 3-nitropyri 

dine 


Preparation 
example 2 


(S) -2-amino-l-propanol 


ethanol 


! 6 9 
i 


! 2 6 4 ~ 2 6 5 


14 


6- [bis (hydroxymethyl)methylamino] -2- { lH-5-indazolyiamino ) -3-nit ropyridi 

ne 


Preparation 
example 1 


2-amino-l, 3-propanediol 


methanol 


80 


>270 


15 


2- ( lH-5-indazolylamino ) -6- ( 2 -methoxy-1 -methyl) ethyl amino -3-nitropyridin 

e 


Preparation 
example 1 


2-amino- 1-methoxypropan 

e 


chlorof orm/ethe 
r (1:5) 


58 


138-142 




6- [2 - (dimethyl amino) ethylamino] -2- ( IH- 6-inda zolylamino ) -3-nitropyri dine 


Preparation 
example 2 


A?, A?-dimethylethylenedia 
mine 


methanol /H2O 
(1:2) 


84 


219-^221 


17 


2- (li/-5-indazolylamino) -6- ( 4 -methyl-l-piperazinyl ) amino~3-nitropyridine 


Preparation 
example 1 


l-amino-4 -methylpiperaz 
ine 


mehanol /ether 
(1:4) 


78 


170-174 


18 


2- (lH-6-indazolylamino) -6- ( 4-methyl-l-piperazinyl ) amino-3-nitropyridine 


Preparation 
example 2 


l-amino-4 -methylpiperaz 
ine 


methanol 


56 


260 
(dec . ) 




2- (IH-S-indazolylamino) -3-nitro-6- (3-pyridyl ) mernylarr.incpyridine 


19 


Preparation 
example 1 


3- (aminomethyl) pyridine 


methanol/HoO 
(1:1) 


81 


250-253 




2- (lH-6-indazolylamino) -3-nitro-6- ( 3-pyridyl) methylaminopyridine 


20 


Preparation 
example 2 


3- (aminomethyl ) pyridine 


ethanol 


77 


>270 




2- (IH-S-indazolylamino) -3-nitro-6- ( 4 -pyridyl ) m.ethylaminopyridine 


21 


Preparation 
example 1 


4 - ( aminomethyl ) pyridine 


ethanol/bSO 
(2:1) 


7 5 


219-221 




2- ( lH-6-indazolylamino) -3-nitro-6- ( 2-pyridyl ) methyiaminopyridine 


22 


Preparation 
example 2 


1- (aminomethyl ) pyridine 


methanol /ethano 
1 (1:1) 


72 


256 
(dec. ) 




2- ( lH-5-indazolylamino) -3-nitro-6- ( 1-piperazinyl ) pyridine 


23 


Preparation 
example 1 


piperazine j 


ethanol 


78 


270 
(dec. ) 



27 
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TABLE lb 



Examp 
le 


Compounds 


3-nitropyridine 

derivatives (_6) 


amine compound (7) 


Recrystallising 
soln 


Yield 

(%) 


m.p. 

(r ; 


24 


2- ( lH-6-indazolylamino) - 3-nii:ro-6- (l-pioerazinyl) pyridine 


Preparation 
example 2 


pipera zine 


ethanoi 


88 


268 
(dec . ) 


25 


2- (lH-5-indazolylamino) -6- ( 4 -methyl -1 -piper a zinyl ) -3-nitropyridine 


Preparation 
example 1 


1-methylpiperazine 


methylene 
chloride /isopro 
pyl ether (1:5) 


63 


116-120 


26 


2- (lif-6-indazolylamino} -6- { 4 -methyl- 1-pipera zinyl ) - 3-nr r ropyridine 


Preparation 
example 2 


1 -me t h y Ip 1 p e r a z i n e 


ethanol/HoO 
(1:1) 


60 


253 
(dec, ) 


27 


6- [4- {2-hydroxyethyl) -l-piperazinyl] -2- (li/-6-indazolylamino) -3-nitropyr 

idine 


Preparation 

example 2 


N- (2-hydroxyethyl ) piper 

azine 


ethanoi 


82 


215-217 


28 


6- {4 -hydroxy- 1 -piper idinyl) -2- ( lH-5-indazolylamino) -3-nitropyridine 


Preparation 

example 1 


4 -hydroxypiper idine 


ethanoi 


76 


235 -239 


29 


6- (4 -hydroxy- 1 -piper idinyl } -2- ( IH- 6-inda zolylamino ) -3-nitropvr idine 


Preparation 
example 2 


4 -hydroxypiper idine 


methanol 


80 


270-272 




2- (lff-5~indazolylamino) -6- ( 4 -morpholinyl ) amino- 3-nitropyridine 


30 


Preparation 
example 1 


4 -aminomorphol ine 


methanol 


64 


>270 



28 
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TABLE 2a 



Example 


NMR 
solution 


^H-NMR data (ppm) 


11 


DMSO-dg 


51.09(d, 3H), 3.56{s, 6H), 4.80{d, IH), 6.35(d, 
lH),7.49(s, 2H) , 8.01(s, IH), 8.15(m, 2H), 10.68(s, IH), 

13.03{br IH; 


12 


DMSO-dg 


61.13(d, 3H), 3.43(t, 2H), 4.01(brs, IH), 4.81(t, IH), 
6,14(d, IH), 7.51(t, 2H), 8.01(s, IH), 8.06(d, IH), 8.13(d, 
IH), 8.20(s, IH), 10.92{s, IH), 13.03{brs, IH) 


13 


DMSO-de 


51.18{d, 3H), 3.51(m, 2H) , 4.13(brs, IH) , 4.81(d, IH), 
6. 19 (d, IH) , 7.2 0 (d, IH) , 7 . 69 (d, IH) , 8 . 00 (s, IH) , 8 . 08 {d, 
IH), 8.25(d, 2H) , 11.09(br s, IH), 13.03{br s, IH) 


14 


DMSO-dg 


53.54(s, 4H), 4.00(s, IH) , 4.76(s, 2H) , 6.21(d, IH), 
7.51 (m, 2H), 8.00 (s, IH) , 8,06(d, IH) , 8.12 {d, IH) , 8.23 (s, 

IH), 10.93{s, IH), 13.02(br s, IH) 


15 


DMSO-dg 


61.12(d, 3H), 3.19(s, 3H), 3.26(m, IH) , 3 . 37 {m, IH), 
4.13(brs, IH), 6.11(d, IH) , 7.50(s, 2H), 8.00(s, IH), 
8.07 (d, IH), 8.16(t, 2H), 10.86(s, IH), 13.06{brs, IH) 


16 


DMSO-dg 


F)"? 1 1 ( f,V^ \ ^dS/c; A Q ( <=: 9P^ O l i -iu\ 
^^•-LJ-lo, on;, ^ . ^ ^ \ :d , z.n / ^ o.^r^^b, n ) , b..^l^Q, Inj, 

7.23 (d, IH) , 7. 6 9 {d, IH) , 8 . 00 (s, IH) , 8 . 09 (d, IH) , 8 . 17 (s, 
IH), 8.28(br s IH), 11.04(s, IH), 13.01(br s, IH) 


17 


DMSO-de 


52.30(s, 3H) , 2.83(br s, 6H) , 3.16(s, 2H) , 6 49(d IH) 
7.50{t, 2H), 8.03(s, IH), 8.25{t, 2H) , 9.15{s, IH), 

10.69(s, IH), 13.06(s, IH) 


18 


DMSO-dg 
+ TFA-di 


62.80(s, 3H), 2 . 99 (br s, 2H) , 3.06(brs, 2H) , 3.23(brs, 
2H), 3.46(brs, 2H) , 6.54(brs, IH) , 7.27(d, IH) , 7.71{d, 
IH), 8.14(s, IH) , 8.26(br s, 2H) 


19 


DMSO-de 


64.51(s, 2H) , 6.18(m, IH) , 7.26fbr s, IH) 7 38 M ^^\ 
7.43 (d, IH), 7.51(d, IH), 7.93(s, 2H) , 8.14 (d, IH), 8.42(s, 

2H), 8.77(br s, IH) , 10.80(s, IH) , 13.03(br s, IH) 


20 


DMSO-dg 


54.62 (s, 2H), 6.22(d, IH) , 7.15(d, IH) , 7.27(brs, IH) , 
7.64(d, 2H), 8.00 (s, IH), 8.15 (s, 2H), 8.42 (s, IH), 8.50 (s, 

IH), 8.80(br s, IH), 10.99(s, IH), 13.01(brs, IH) 


21 


DMSO-de 


54.51(s, 2H), 6.23(d, IH) , 7.15(s, 2H) , 7.32(m, 2H), 
7.85(d, 2H), 8.16(d, IH) , 8.43(m, 2H), 8.79(t, IH), 
10.77(s, IH), 13.01(br s, IH) 


22 


DMSO-de . 


54.70(s, 2H), 6.30(d, IH), 7.15(d, IH), 7.25(m, 2H), 
7. 58 (d, IH) , 7, 66 (t, IH) , 7. 99 (s, IH) , 8.06 (s, IH) , 8 . 15 (d, 
LH), 8.52(d, IH), 8.85(br s, IH) , 10.98(s, IH) 12.98(br 

3, IH) 


DMSO : dimethylsulf oxide, TFA : trif luoroacet ic acid 



5 
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TABLE 2b 



Example 


NMR 
solution 


^H-NMR data (ppm) 


23 


DMSO-de 


52.70(s, 4H), 3.59(s, 4H) , 6.46{d, IH), 7.51{s, 2H), 
7.96(s, IH), 8.03(s, IH), 8.16(d, IH), 10.55(s, IH) , 
13 . C7 (br s, IH) 


24 


DMSO-dg 


52.76(s, 4H), 3.66(s, 4H), 6.51(d, IH), 7.16(d, IH), 
7.69(d, IH), 8.00(s, IH), 8.07(d, IH), 8.20{d, IH) , 
10.82(s, IH), 13.07{br s, IH) 


25 


DMSO-de 


52.17{s, 3H), 2.34(s, 4H) , 3.65(s, 4H), 6.48(d, IH) , 
7.51{t, 2H) , 7.96(d, IH), 8.04(d, IH), 8 18 (d IH) 

10.59(s, IH), 13.07(br s, IH) 


26 


DMSO-dg 


62.21{s, 3H), 2.40(s, 4H) , 3.74{brs, 4H), 6.54(d, IH), 
7.17(d, IH), 7.70(d, IH), 8,00(s, IH), 8,07(d, IH) , 
8.22{d, IH), 10.78(s, IH) , 13.06(br s, IH) 


27 


DMSO-de + TF 
A-di 


53.19(t, 4H), 3.59(m, 4H) , 3.74(t, 2H) , 4.51(brs, 2H) , 
6.50(d, IH), 7.17(d, IH), 7.69(d, IH) , 8.08(d, 2H) , 
8.28(d, IH) 


28 


DMSO-de 


61.35{m, 2H) , 1.76{d, 2H) , 3.37(d, 2H), 3 75 {br s IH) 
3.99{br s, 2H), 4.78(s, IH) , 6.50(d, IH) , 7.51(s, 2H) , 
7.98(d, IH), 8.02{s, IH) , 8.17(d, IH) , 10.61(s, IH) , 
13.05(br s, IH) 


29 


DMSO-de 


61.42(m, 2H), 1.82{d, 2H) , 3.45(t, 2H) , 3.79(brs, IH) , 
4.06(br s, 2H), 4.82(s, IH) , 6.55(d, IH) , 7.18(d, IH) , 
7.69(d, IH), 8.00{s, IH), 8.05(s, IH) , 8.19(d, IH) , 
10.81(s, IH), 13.06{s, IH) 


30 


DMSO-de 


52.77(s, 4H), 3.68(s, 4H), 6.55(s, IH), 7.50(t, 2H), 
3.02(s, IH), 8.25(t, 2H) , 9.12(s, IH), 10.67{s, IH) , 
L3.04{s, IH) 


DMSO : dimethylsulf oxide, TFA : trif luoroacetic acid 



<Experimen'b 1> Inhibitory effect on the in vitro activities of 
HBV polymerase in reverse transcription 

5 The following in vitro experiment was performed to determine 

the effect of the compounds of formula 1 on the activity of HBV 
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polymerase during reverse transcription. 

The present inventors submitted application for a patent 
concerning HBV polymerase genetically expressed in and separated 
from E.colif the process of its preparation^ and the method to 
measure the enzyme activities (KR 94-3918, KR 96-33998) . In 
the present experiments HBV polymerase was used which had been 
expressed in E. coll as stated above. 

The method used in the present invention to measure in 
vitro reverse transcribing activities of HBV polymerase is as 
follows. Basic principles are the same as for ELISA- 
Nucleotides with biotin or digoxigenin group attached are 
included as substrates and anti-DIG antibodies attached to 
peroxidase enzyme recognize the polymerized substrates. 

To the wells coated with streptavidin, 20jjtl of HBV 
polymerase, 20 jA of reaction mixture (10 each of DIG-UTP and 
Biotin-UTP, 46 mM Tris-HCl, 266 mM KCl, 27.5 mM iyigCl2, 9 . 2 mM 
DTT substrate/primer hybrid) , and 20 jjtf. of test compound (added 
to 1, 0.1, and 0.01 jag/ml) were added and allowed to react at 
22''C forlShrs. During this reaction, HBV polymerase catalyzes 
DNA synthesis and digoxigenin and biotin attached to nucleotides 

form bonds with streptavidin coated on the bottom of wells . When 

31 
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the reaction was done, each well was washed with 250 lA of cleaning 
buffer (pH 7.0) for 30 seconds, which was repeated five times 
to remove remaining impurities . 200 iJJl> of anti-DIG-POD antibody 
was added to each well and allowed to react for 1 hr at 37°C, 
5 and the wells were washed with cleaning buffer to remove 
impurities. 200ju(, each of ABTS™, a substrate of peroxidase, 
was then added and allowed to react at room temperature for 30 
min. Absorbance was measured at 405 nm using ELISA reader. 

The percentage of reduction in HBV polymerase activities 
10 for reverse transcription was calculated using the group without 
test compound as a control and the results are shown in Table 
3. 



TABLE 3a Effect on the HBV polymerase activities in reverse 
15 transription 



Compound 


Inhibition activity on HBV-RT (%) 


1 /ig/mi 


0 . 1 /ig/mt 


0.01 /£Q/mi 


Example 1 


85 


54 


30 


Example 2 


76 


50 


12 


Example 3 


58 


47 


20 


Example 4 


60 


51 


26 


Example 5 


96 


87 


53 


Example 6 


91 


76 


49 


Example 7 


95 


80 


47 


Example 8 


72 


52 


38 
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TABLE 3b. Effect on the HBV polymerase activities in reverse 



transript ion 



Corr.pound 


1 inniD^rion acriviiy cn Hb'/-?;. ih ■ 


1 /zg / mt 


0.1 /iQ / ml 


C . 0 1 /zq / ml 

^ 1 


Example 9 


80 


59 


40 


Example 10 


78 


5 8 


5 0 


Example 11 


85 


60 


35 


Example 12 


90 


56 


38 


Example 13 


66 


3 5 


± \j 


Example 14 


8 5 


4 9 


fi 


Example 15 


97 


6S 


4 7 


Example 16 


6 0 


5 5 


38 


Example 17 


7 5 


52 


4 1 


Example 18 


70 


4 3 


2 5 


Example 19 


91 


58 


4 2 


Example 2 0 


66 


4 0 


2 1 


Example Zl 


y 4 


b 




Example 22 


81 


60 


49 


Example 2 3 


96 


66 


51 


Example 2 4 


62 


43 


20 


Example 25 


88 


54 


35 


Example 2 6 


63 


40 


18 


Example 27 


60 


3 3 




Example 2 8 


55 


34 


2 0 


Example 2 9 


52 


35 


10 


Example 30 


71 


49 


32 



As shown in Table 3, compounds of the present invention 
have excellent inhibitory effects on the HBV polymerase 
activities with more than 90% inhibition at the concentration 
of 1 |Lig/ml. Moreover, compounds of the present invention are 
not expected to have problems such as toxicity and development 
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of resistant viruses as observed in the use of nucleosides and 
may be applied together with nucleoside compounds due to different 
mechanisms of action. 

In summary, compounds of the present invention effectively 
reduce the activities of HBV polymerase, inhibit replication 
and proliferation of HBV and may be useful as therapeutics for 
prevention and treatment of hepatitis B. 

<Experiment 2> Inhibitory effect on the proliferation of HBV 
in HBV producing cell line 

The following experiment was performed to determine 
inhibitory effects of compounds of formula 1 on the proliferation 
of HBV producing cell line. 

To test for antiviral effect, replication and proliferation 
of HBV were measured in HepG 2.2,15, a human liver cancer cell 
line . 

The cell concentration was adjusted to 1x10^ cells/ffl-C and 

1 ml was added to each well of a 24-well cell culture plate, which 

was then kept in a culture box for 3-4 days at 37 under 5% 

CO2 until cells grew sufficiently, changing culture medium 

everyday. When the cells matured sufficiently, the test 
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compounds were added to the final concentrations of 0.01, 0.1, 
and 1 ug/mi. One week after the addition of test compounds, the 
culture solution was centrifuged at 5,000 rpm for 10 min. 25 
id of supernatant was transferred to a new tube and 5 /J, of lysis 
solution [0-54N NaOH, 0.06% NP40]was added to each tube. After 
keeping the tube at 37 t; for 1 hr, 30 /d. of neutralizing solution 
[ 0 . 09N HCl , 0 . IM Tris-HCl , pH 7 . 4 ] was added as a reaction solution 
for competitive polymerase chain reaction (PGR) . 

PGR was performed using genetic sequence of HBV core protein 
as a matrix. PGR reaction was carried out by adding 1 unit of 
Taq polymerase enzyme to 25 pmol of each primer, 250 fiM dNTP, 
5 fd of PGR reaction solution [0.54NNaOH, 0.06% NP40, 0.09NHG1, 
O.IM Tris-HCl, pH 7.4]. 

DNA polymerized by PGR was electrophoresed on Agarose gel 
and quantitatively analyzed using an image analyzer (Gel Doc 
1000, Bio-Rad) in order to evaluate the effect of compounds of 
the present invention on the reduction of HBV proliferation. 

3TC (lamivudine) was used as a positive control at the 
same concentrations as those of the test compounds. The 
percentage of reduction in HBV proliferation was calculated using 
the group without test compound as a control and the results 
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are represented in Table 4 . 



TABLjil 4 Innibj_tory effect on the HBV proliferation 



Compound 


inhibition activity on HBV-RT (^) 


1 /zg / 


0.1 /ig/ml 


0.01 /zg/mi 


Example 1 


82 


45 


20 


Example 2 


72 


40 


- 


Example 3 


53 


35 


- 


Example 4 


58 


40 


- 


Example 5 


94 


81 


41 


Example 6 


90 


72 


3 3 


Example 7 


93 


75 


30 


Example 8 


65 


46 


25 


Example 11 


83 


45 


20 


Example 12 


85 


48 


29 


Example 14 


80 


41 


22 


Example 15 


95 


60 


36 


Example 19 


85 


51 


30 


Example 21 


90 


50 


33 


Example 2 3 


92 


55 


35 


Example 25 


83 


46 


25 


3TC 


99 


8 0 j 4 8 



As shown above in Table 4, non-nucleoside compounds of 
the present invention have excellent inhibitory effect on the 
HBV polymerase activities in reverse transcription with more 
than 80% reduction of HBV proliferation at the concentration 
of 1 ug/ml. Moreover, compounds of the present invention, being 
non-nucleosides, may not have problems such as toxicity and early 
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development of resistant virus strains observed in the use of 
nucleoside substances. It is also expected that compounds of 
the present invention may be used in parallel with nucleoside 
compounds since the former act on allosteric binding pockets 
while the latter act in the domain of polymerase activities. 

As described above, compounds of the present invention 
have excellent inhibitory effect on the HBV polymerase activities 
important in reverse transcription step of HBV replication. 
Based on the mechanism, these compounds are able to effectively 
control HBV proliferation and may be useful as therapeutics for 
prevention and treatment of hepatitis B. 

<Exper±men'b 3> Inhibitory effect on the in vitro HIV enzyme 
activities in reverse transcription 

The following in vitro experiments were done to determine 
the effect of compounds of formula 1 on the reduction of HIV 
enzyme activities in reverse transcription. 

Non-radioactive reverse transcriptase assay kit 
(Boehringer Mannheim) was used in the measurement of in vitro 
transcriptase activities. 20 ijX (40 ng) of HIV transcriptase 
and 20 iJJi of reaction mixture containing matrix-primer hybrid 



wo 01/38306 



PCT/KROO/01365 



poly (A) oligo (dT) 15, DIG (digoxigenin ) -dUTP, biotin-dUTP, and 
TTP were added to wells coated with streptavidin . Test compounds 
were also added at the final concentrations of 0 . 1 and 1 jLtg/mi 
and allowed to react at 37 °C for 1 hr . At this time, DNA is formed 
from RNA by the action of HIV reverse transcriptase, forming 
bonds with streptavidin coated on the bottom of wells because 
of digoxigenin and biotin moieties attached to nucleotides. 

When the reaction was completed, each well was washed with 
250 fd of cleaning buffer (pH 7.0) for 30 sec. five times to remove 
remaining impurities • 200 jii of ant i-DIG-POD ant igen was added 
to each well, allowed to react at 37 for 1 hr an , washed as 
above to remove impurities. 200 fjJi of ABTS™, a substrate for 
peroxidase, was added to each well and allowed to react at room 
temperature for 30min. Absorbance at 405 nm was then read for 
each solution using ELISA reader and used for quantitative 
determination of inhibitory effect on the HIV transcriptase 
activities. The percentage of reduction in the activities of 
HIV reverse transcriptase was calculated using the group without 
test compound as control and the results are represented in Table 
5. 
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TABLE 5 Inhibitory effect on the activities of HIV reverse 



transcriptase 



Compound 


Inhibition activity on HBV-RT {%) 


1 /in / mO 


u . ± /ig / iii-t 


HiX dllL^ -L tr J- 


1 R 


35 


ill A diLl^ -L '3 


7 n 

/ u 


51 




55 


20 


Example 6 


69 


50 


Example 7 


72 


45 


Example 11 


67 


46 


Example 12 


64 


40 


Example 14 


59 


44 


Example 16 


75 


51 


Example 20 


84 


53 


Example 21 


72 


39 


Example 27 


81 


45 



As shown above in Table 5, compounds of the present invention 
5 have excellent inhibitory effect on the activities of HIV reverse 
transcriptase, having more than 70% reduction at the 
concentration of 1 jig/ml. Moreover, it is expected that compounds 
of the present invention, being non-nucleosidic , do not have 
problems such as toxicity and early development of resistant 
10 virus strains observed in the use of nucleoside substances. 
Furthermore, compounds of the present invention may be used 
together with nucleoside compounds since the former act on 
allosteric binding pockets while the latter act in the domain 
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of polymerase activities. 

As described above, compounds of the present invention 
have excellent inhibitory effect on the HIV enzyme activities 
in reverse transcription, which is a step in HIV replication. 
5 Based on the mechanism, these compounds are able to effectively 
control HIV proliferation and may be useful as therapeutics for 
prevention and treatment of AIDS. 

<Experiment 4> Cytotoxicity test 

10 To determine if compounds of formula 1 exhibit cytotoxicity, 

in vitro tests were carried out using HepG2 cells with MTT analysis 
method as generally known and the results are in Table 6 shown 
below . 



TABLE 6 Cytotoxicity tests on HepG2 cells 



Compound 


Cytotoxicity on HepG2 




MCD^' 


Example 2 


>100 


100 


Example 6 


>100 


100 


Example 11 


>100 


100 


1) IC50: 50% Inhibitory Concentration (/zg/m^ ) 

2) MOD: Minimal Cytotoxic Concentration (/zg/mi ) 



15 

As shown above in Table 6, compounds used in the experiments 
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have higher than 100 fig/ml for IC50 and are considered to have 
little cytotoxicity . 

<Experiment 5> Acute toxicity in rats tested via oral 
administration 

The following experiments were performed to see if 
compounds of formula 1 have acute toxicity in rats. 

6-week old SPF SD line rats were used in the tests for 
acute toxicity. Compounds in the examples of 1-^22 were 
suspended in 0.5% methylcellulose solution and orally 
administered once to 6 rats per group at the dosage of 2 g/kg/15m£. 
Death, clinical symptoms, and weight change in rats were observed, 
hematological tests and biochemical tests of blood performed, 
and any abnormal signs in the gastrointestinal organs of chest 
and abdomen checked with eyes during autopsy . The results showed 
that the test compounds did not cause any specific clinical 
symptoms, weight change, or death in rats . No change was observed 
in hematological tests , biochemical tests of blood, and autopsy. 
The compounds used in this experiment are evaluated to be safe 
substances since they do not cause any toxic change in rats up 
to the level of 2 g/kg and their estimated LD50 values are much 
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greater than 2 g/kg in rats. 

INDUSTRIAL APPLICABILITY 

As described above, novel 3-nitropyridine derivatives of 
5 formula 1 in the present invention have dramatic inhibitory effect 
on proliferation of HBV and of HIV with little side effect and 
may be useful as therapeutic agents for prevention and treatment 
of hepatitis B and AIDS. 

Moreover, it is expected that compounds of the present 
10 invention, being non-nucleosidic, do not have problems such as 
toxicity and early development of resistant virus strains 
observed in the use of nucleoside substances. Furthermore, 
compounds of the present invention may be used together with 
nucleoside compounds since the former seem to act on allosteric 
15 binding pockets while the latter work in the domain of polymerase 
activities . 
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WHAT IS CliAIMED IS; 

1. 3-Nitropyridine derivatives and their pharmaceut ically 

acceptable salts as represented by formula 1. 

Formula 1 
o 



5 




Wherein, 



Ri is methoxy or ; 

R3 is H, hydroxy, dialkylamino group with C2^C6, straight 
or branched hydroxyalkyl group with C2'^Cef straight or branched 

10 dihydroxyalkyl group with Cs^Ce, alkoxyalkyl group with Ca-^Ce, 
or saturated or unsaturated heterocyclic compounds containing 
1 to 3 heteroatoms selected from N, O, and S, which may be 
unsubstituted or substituted with alkyl group of Ci^Ca; R3 may 
or may not contain asymmetrical carbons; 

15 R4 is straight or branched alkyl group with Ci — C4, or 

cycloalkyl group with Cs^Ce; 

R3 and R4 both may consist of 5 or 6 membered heterocyclic 
ring containing 1*^3 heteroatoms selected fromN, 0, and S, which 
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is unsubstituted or substituted with straight or branched alkyl 
group with Ci'-Cs, straight or branched hydroxyalkyl group with 

C2~C5, or hydroxy; 

R2 is indazol-5-yl, or indazol-6-yl ; 
n is an integer between 0 and 3. 

2. Process for the preparation of 3-nitropyridine 
derivatives of formula 1 comprising the following two steps as 
represented in scheme 1: 

Step 1 . Synthesis of 3-nitropyridine derivatives of formula 
6 by reacting 2-chloro-3-nitropyridine derivatives of formula 
4 with 5-aminoindazole or 6-aminoindazole of formula 5 in the 
presence of a base; 

Step 2. Preparation of 3-nitropyridine derivatives of 
formula 1 by reacting 3-nitropyridine derivatives of formula 
6 synthesized in step 1 with amine compounds of formula 7 

Scheme 1 
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Wherein, X is chloro or methoxy group; 

^3r R4 srid n are as defined in formula 1. 

5 

3. Method for preparation of 6-methoxy-3-nitropyridine 
derivatives of formula 6 by reacting 

2-chloro-6-methoxy-3-nitropyridine derivatives of formula 4 
with 5-aminoindazole or 6~aminoindazole of formula 5 in the 
10 presence of a base as in scheme 2. 

Scheme 2 
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Wherein, R2 is as defined in formula 1. 

4. Therapeutic agent and a preventive agent for hepatisis 
B with 3-nitropyridine derivatives and their pharmaceutically 
acceptable salts in claim 1 as effective ingredient. 

5. Therapeutic agent and a preventive agent for acquired 
immune deficiency syndrome (AIDS) with 3-nitropyridine 
derivatives and their pharmaceutically acceptable salts in claim 
1 as effective ingredient- 
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NOVEL 3-NITROPYRIDINE DERIVATIVES AND THE PHARMACEUTICAL 
COMPOSITIONS CONTANING SAID DERIVATIVES 

TECHNICAL FIELD 

The present invention relates to novel 3-nitropyridine 
derivatives and the pharmaceutical compositions containing said 
derivatives. More specifically, the present invention relates 
to 3-nitropyridine derivatives and their pharmaceutically 
acceptable salts, represented by the following formula 1, which 
effectively inhibit proliferation of hepatitis B virus and human 
immunodeficiency virus. This invention also relates to the 
process for preparing 3--nitropyridine derivatives and to the 
pharmaceutical compositions containing said derivatives as 
effective ingredients against viruses. 
Formula 1 



O 

1! 




2 



Wherein, 



Ri is methoxy or 



^4 ; 
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R3 is hydroxy, dialkylamino group with Ca-^Ce, straight 
or branched hydroxyalkyl group with Cz^Csr straight or branched 
dihydroxyalkyl group with Cs^Ce, alkoxyalkyl group with Cs^Csr 
or saturated or unsaturated 5 or 6 membered heterocyclic compounds 
5 containing 1 to 3 heteroatoms selected from N, O, and which 
may be unsubstituted or substituted with alkyl group of Ci'-Cs; 
R3 may or may not contain asymmetrical carbons; 

R4 is H, straight or branched alkyl group with Ci — C^, or 

cycloalkyl group with Cs'^Ce; 

10 R3 and R4 both may consist of 5 or 6 membered heterocyclic 

ring containing 1~3 heteroatoms selected fromN, and which 
is unsubstituted or substituted with straight or branched alkyl 
group with Ci^Cs, straight or branched hydroxyalkyl group with 
C2'^Csr or hydroxy; 

15 R2 is indazol-5-yl, or indazol-6-yl; 

n is an integer between 0 and 3. 

BACKGROUND ART 

Hepatitis B virus (HBV; referred as "HBV" hereinafter) 
20 causes acute or chronic hepatitis, which may progress to liver 
cirrhosis and liver cancer. It is estimated that three hundred 

2 
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million people are infected with HBV in the world (Tiollais & 
Buendia, Sci. Am., 264, 48, 1991). There has been much research 
about the molecular biological characteristics of HBV and their 
relationship to liver diseases in order to find ways to prevent 
and treat hepatitis B. Various vaccines and diagnostic drugs 
have been developed and much effort is being channeled into 
research to find treatment for hepatitis B. 



HBV genome consists of genes for polymerase (P) , surface 
protein (pre-Sl, pre-S2 and S) , core protein (pre-C and C) , and 
X protein. Of these proteins expressed from HBV genes, 
polymerase, surface protein, and core protein are structural 
proteins and X protein has a regulatory function. 

The gene for HBV polymerase comprises 8 0% of the whole 
virus genome and produces a protein of 94kD size with 845 amino 
acids, which has several functions in the replication of virus 
genome. This polypeptide includes sequences responsible for 
activities of protein primer, RNA dependent DNA polymerase, DNA 
dependent DNA polymerase, and RNase H. Kaplan and his coworkers 
first discovered reverse transcriptase activities of polymerase, 
which led to much research in replicating mechanism of HBV. 
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HBV enters liver when antigenic protein on virion surface 
is recognized by hepatic cell-specific receptor. Inside the 
liver cell, DNAs are synthesized by HBV polymerase action, 
attached to short chain to form complete double helix for HBV 
genome. Completed double helical DNA genome of HBV produces 
pre-genomic mRNA and mRNAs of core protein, surface protein, 
and regulatory protein by the action of RNA polymerase- Using 
these mRNAs, virus proteins are synthesized. Polymerase has 
an important function in the production of virus genome, forming 
a structure called replicasome with core protein and pre-genomic 
mRNA. This process is called encapsidation . Polymerase has 
repeated units of glutamic acid at the 3^ -end with high affinity 
for nucleic acids, which is responsible for facile encapsidation. 
When replicasome is formed, (-) DNA strand is synthesized by 
reverse transcribing action of HBV polymerase and ( + ) DNA strand 
is made through the action of DNA dependent DNA polymerase, which 
in turn produces pre-genomic mRNAs. The whole process is 
repeated until the pool of more than 200 to 300 genomes is 
maintained (Tiollais and Buendia, Scientific Amerlcarir 264: 
48-54, 1991) . 
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Although HBV and HIV are different viruses^ the replication 
mechanisms during their proliferation have some common steps ^ 
namely, the reverse transcription of virus RNA to form DNA and 
the removal of RNA strand from subsequently formed RNA- DNA hybrid . 

Recently, nucleoside compounds such as lamivudine and 
famvir have been reported to be useful inhibitors of HBV 
proliferation, although they have been originally developed as 
therapeutics for the treatment of acquired immune deficiency 
syndrome (AIDS; referred as ''AIDS'' hereinafter ) and herpes zoster 
infection (Gerin, J. L, Hepatology, 14: 198-199, 1991; Lok, A. 
S. P., J. Viral Hepatitis, 1: 105-124, 1994; Dienstag, J, L. 
etal.. New England Journal of Medicine, 333: 1657-1661, 1995). 
However, these nucleoside compounds are considered a poor choice 
for treatment of hepatitis B because of their high cost and side 
effects such as toxicity, development of resistant virus and 
recurrence of the disease after stopping treatment. Effort to 
find therapeutics for hepatitis B among non-nucleoside compounds 
has been continued and antiviral effects against HBV have been 
reported for quinolone compounds (EP0563732, EP0563734), iridos 
compounds (KR 94-188 6) , and terephthalic amide derivatives (KR 
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96-72384, KR 97-36589, KR 99-5100) . In spite of much effort, 
however, effective drugs for treating hepatitis B have not been 
developed yet and therapeutic method mainly depends on 
symptomatic treatment. 

AIDS is a disease inducing dramatic decrease in immune 
function in the body cells and causing various symptoms of 
infection rarely seen in normal human beings, which spread to 
the whole body. Human immunodeficiency virus (HIV; referred 
as "HIV" hereinafter) responsible for AIDS is known to mainly 
attack helper T cells, which is one of the T cells with regulatory 
function in the immune system. When helper T cells are infected 
with HIV virus and undergo necrosis, human immune system cannot 
function properly. Impairment in immune function subsequently 
results in fatal infection and development of malignant tumor. 
Since AIDS patient has been found in USA in 1981 for the first 
time, the number increased to more than 850,000 patients in 187 
countries in 1993 (WHO 1993 report) . WHO predicted that 30 to 
40 million more people would be infected with HIV by the year 
2000 and 10 to 20 million of them would develop the disease. 



6 
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At the present time;, drugs controlling proliferation of 
HIV have been most widely used for the treatment of AIDS- Of 
these. Zidovudine, which had been named Azidothymidine 
previously, is a drug developed in 1987. Didanosine was 
developed in 1991 as an alternative medicine for AIDS patients 
when Zidovudine was either ineffective or could not be used due 
to side effects- In addition, Zalcitabine was approved for 
concurrent use with Zidovudine in 1992. These drugs alleviate 
symptoms, slow down progression of the disease in the infected 
individuals to full-blown AIDS, and somewhat extend life span 
in the patients. These drugs, however, are not able to cure 
the patients completely and often develop problems such as 
resistance and side effects. 

In light of these problems, we, inventors of the present 
invention, tried to develop therapeutics to treat hepatitis B 
with little chance of toxicity, side effects, and development 
of resistant viral strains. We found non-nucleoside compounds 
with excellent antiviral effect against HBV; synthesized novel 
3-nitropyridine derivatives represented in formula 1 and 
completed the invention by showing their dramatic inhibitory 
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effect on proliferation of HIV as well as of HBV. 



DISCLOSURE OF INVENTION 

The present invention provides novel 3-nitropyridine 
derivatives and the pharmaceutical compositions containing said 
derivatives . More specifically, the present invention provides 
3-nitropyridine derivatives and their pharmaceutically 
acceptable salts^ the process for their preparation and the 
pharmaceutical compositions containing said derivatives as 
effective ingredient. 3-nitropyridine derivatives of the 
present invention inhibit proliferation of hepatitis B virus 
as well as of human immunodeficiency virus and may be effectively 
used for prevention and treatment of hepatitis B and AIDS. 

In order to accomplish the aforementioned goal, the present 
invention provides novel 3-nitropyridine derivatives 
represented below in formula 1 and their pharmaceutically 
acceptable salts - 

Formula 1 



8 
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Wherein, 

Ri is methoxy or ^4 ; 

R3 is H, hydroxy, dialkylamino group with C2^Cef straight 
or branched hydroxyalkyl group with Ca^Ce, straight or branched 
dihydroxyalkyl group with Cs^Ce, alkoxyalkyl group with Cs^-Cer 
or saturated or unsaturated 5 or 6 membered heterocyclic compounds 
containing 1 to 3 heteroatoms selected from N, O, and S, which 
may be unsubstituted or substituted with alkyl group with Ci — C3; 

R3 may or may not have asymmetrical carbons; 

R4 is H, straight or branched alkyl group with Ci~C4, or 
cycloalkyl group with Cs-^Ce; 

R3 and R4 both may consist of 5 or 6 membered heterocyclic 
ring with 1 to 3 heteroatoms selected from N, O, and S, which 
is either unsubstituted or substituted with straight or branched 
alkyl group with Ci-^Cs, straight or branched hydroxyalkyl group 
with Ca-^Cs, or hydroxy; 

R2 is indazol-5-yl, or indazol-6-yl; 
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n is an integer between 0 and 3. 

When both R3 and R4 are represented as a 5 or 6 menibered 
heterocyclic compounds with 1 to 3 heteroatoms selected from 
N;. and S, n equals 0. This heterocyclic ring may be 

unsubstituted or substituted with straight or branched alkyl 
group with Ci-^Csi. straight or branched hydroxyalkyl group with 
C2'^C5, or hydroxy group; 

When compounds of formula 1 have asymmetrical carbons, 
they may exist as either or S optical isomer and the present 
invention covers both optical isomers and the racemic mixture 
as well. 

Indazol-5-yl and indazol-6-yl groups for R2 in the present 
invention are represented in formula 2 and 3 respectively. 
Formula 2 




Formula 3 



10 
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Compounds of formula 1 in the present invention may be 
utilized in the form of salts and the acid addition salts prepared 

5 by adding pharmaceutically acceptable free acids are useful. 
Compounds of formula 1 may be changed to the corresponding acid 
addition salts according to the general practices in this field. 
Both inorganic and organic acids may be used as free acids in 
this case. Among inorganic acids, hydrochloric acid;. 

10 hydrobromic acid, sulfuric acid, and phosphoric acid may be used . 
Among organic acids, citric acid, acetic acid, lactic acid, 
tartaric acid, maleic acid, fumaric acid, formic acid, propionic 
acid, oxalic acid, trif luoroacetic acid, benzoic acid, gluconic 
acid, methanesulf onic acid, glycolic acid, succinic acid, 

15 4-toluenesulf onic acid, galacturonic acid, embonic acid, 
glutamic acid and.aspartic acid may be used. 

The present invention also provides the process for 
preparing 3-nitropyridine derivatives of formula 1 as 

11 
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represented in scheme 1. 
Scheme 1 




Wherein, X is 01 or OCH3; R2, Rsr R4 and n are as defined 
in formula 1. 



The process of preparation in the present invention 
comprises the following steps: 

(Step 1) Synthesis of 3-nitropyridine derivatives of 
formula 6 by reacting 2~chloro-3-nitropyridine derivatives of 
formula 4 with 5-aminoindazole or 6"-aminoindazole of formula 
5 in a proper solvent under a basic condition at an appropriate 
temperature; 

(Step 2) Synthesis of 3-nitropyridine derivatives of 
formula 1 by reacting 3-nitropyridine derivatives of formula 



12 
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6 prepared in step 1 with appropriate amine compounds of formula 

7 in a proper solvent under a basic condition at an appropriate 
temperature . 



When Ri in the compound of formula 1 is a methoxy group, 
step 1 completes the synthesis of desired compound (X=0CH3) . 
In this case, the present invention includes the method of 
preparing 6-methoxy-3-nitropyridine derivatives of formula 6 
by reacting 2-chloro-6-methoxy-3-nitropyridine of formula 4 
with 5-aminoindazole or 6-aminoindazole of formula 5 in the 
presence of a base. 

Scheme 2 




Compound of formula 4 in the first step of scheme 1 is 
2-chloro-6-methoxy-3-nitropyridine or 
2 , 6-dichloro-3-nitropyridine - 

Chemical reagents used in the first and the second steps 
of scheme 1, namely, 2-chloro-3-nitropyridine derivatives of 

13 
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formula 4, 5-aminoindazole or 6-aminoindazole of formula 5, and 
amine compounds of formula 7, are commercially available and 
may be purchased . 

Compound of formula 7 in the step 2 above is used to introduce 
a substituent (R3- (CH2) n'"NR4-) into the compound of formula 1 
and an appropriate amine compound should be selected depending 
on the substituent desired, which can be easily done by one with 
general knowledge in the technical field. 

To give more specific details about step 1 in the synthetic 
process, an organic base may be used and common tertiary amines 
such as triethylamine, N^N-diisopropylethylamine, 

i\r-methylmorpholine , N^-methylpiperidine , 

4-dimethylaminopyridine, N^N-dimethylaniline, 2, 6-lutidine, 
pyridine are preferable - 

Preferable reaction time and temperature are 4-^15 hrs and 

20--60 

Preferable for the reaction is a single or a mixture of 
solvents selected from chloroform, methylene chloride, 
acetonitrile and alcohols such as methanol and ethanol. 

Of 3-nitropyridine derivatives of formula 6 produced in 
the reaction of step 1, one with chloro group at 6 position is 
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used in the following reaction of step 2. 
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The reaction in step 2 is described in more detail. 
Preferable solvent is a single or a mixture of solvents selected 
5 from acetonitrile, chloroform, methylene chloride, 
tetrahydrofuran, JV-dimethylf ormamide, 

N-methylpyrrolidinone, pyridine, water and alcoholic solvents 
such as methanol, ethanol, and isopropanol. 

It is preferable to use excess amount of amine compound 
10 (formula?) to increase the efficiency of the reaction . Solvents 
used in the previous step 1 for the synthesis of 3-nitropyridine 
derivatives of formula 6 are preferable. Reaction temperature 
of 25-^80 °C is preferable although it depends on the kind of 
amine compound used. 

15 

In another aspect of this invention, also provided are 
the pharmaceutical compositions of therapeutics for preventing 
and treating hepatitis B, which contain 3-nitropyridine 
derivatives of formula 1 and their pharmaceutically acceptable 
20 salts as effective ingredients. 

The present invention also provides the pharmaceutical 

15 
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compositions of therapeutics for preventing and treating AIDS, 
which contain 3-nitropyridine derivatives and their 
pharmaceutically acceptable salts of formula 1 as effective 
ingredients . 

3-nitropyridine derivatives of formula 1 in this invention 
have inhibitory effect on proliferation of both HIV and HBV 
because they interfere with removal of RNA strand from RNA-DNA 
hybrid formed during the reverse transcription of viral RNA to 
DNA, which is a common step in the replication mechanism of the 
two viruses. 

Compounds of formula 1 may be taken orally as well as through 
other routes in clinical uses; for example, it may be administered 
intravenously, subcutaneously, intraperitoneally, or locally 
and used in the form of general drugs. 

For clinical use of drugs with the pharmaceutical 
compositions of the present invention, compounds of formula 1 
may be mixed with pharmaceutically acceptable excipients and 
made into various pharmaceutically acceptable forms; for example, 
tablets, capsules, trochese, solutions, suspensions for oral 
administration; and injection solutions, suspensions, or dried 
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powder to be mixed with distilled water for the formulation of 
instant injection solution. 

Effective dosage for compound of formula 1 is generally 
10^500 mg/kg, preferably 50 — 300 mg/kg for adults, which may 
be divided into several doses, preferably into 1~6 doses per 
day if deemed appropriate by a doctor or a pharmacist. 

BEST MODE FOR Ci^RRYING OUT THE INVENTION 

Practical and presently preferred embodiments of the 
present invention are illustrative as shown in the following 
Examples . 

However, it will be appreciated that those skilled in the 
art, on consideration of this disclosure, may make modifications 
and improvements within the spirit and scope of the present 
invention. 

<Prepara-bion Example 1> Preparation of 6-chloro-2- (1H-5-- 
indazolylamino) -3-nitropyridine . 

To the solution of 2, 6-dichloro-3"nitropyridine (4 g) and 
5-aminoindazole (2.8 g) in acetonitrile (50 ml) was added 
triethylamine (3.2 ml), and then the solution was reacted at 

17 
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20-25 "C for 12 hr. The reaction mixture was cooled at room 
temperature, added H2O 30 ml slowly, and then reacted at 20 °C 
for 1 hr. The reaction mixture was filtered, washed with the 
mixture solution (15 ml) of acetonitrile : H2O = 1: 1 (volume 
ratio) and dried at 50 In vacuo to obtain the desired compound 
(4.7 g, 78%) . 

m.p. : 233 V (dec, ) 

^H-NMR (DMSO-de) r ppm : 6 6.94 (d, IH) ,7.44 (d, IH) , 7.56 (d, 
IH), 7.91 (s, IH), 8.08 (s, IH), 8.53 (d, IH), 10.20 (s, IH) , 13.12(br 

s, IH) 

<Preparation Example 2> Preparation of 6-chloro-2- (lH-6- 
indazolylamino) -3-nitropyridine . 

To the solution of 2, 6-dichloro-3-nitropyridine (4 g) 
and 6-aminoindazole (2.8 g) in acetonitrile (50 ml) was added 
triethylamine (3.2 ml), and then the solution was reacted at 
35-4 O'C for 12 hr. The reaction mixture was cooled at room 
temperature with slowly adding H2O (20 ml), and then reacted 
at 20-25 "C for 1 hr. The reaction mixture was filtered, washed 
with acetonitrile (6 ml) and H2O (15 ml) , and then dried at 50 *C 
In -vacuo to obtain the desired compound (4.4 g, 73%). 

18 
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rti.p. : 234 °C (dec. ) 

^H-NMR (DMSO-ds) . ppm : 5 7 .02 (d, IH) ,7,20 (d, IH) , 7 .73 (d, 
IH) , 7.99(d, 2H) r 8.55(d, IH) , 10.26(s, IH) , 13.09(s, IH) 

<Exaniple 1> Preparation of 2- (lH-5-indazolylamino) -6-methoxy 
-3--n±tropyridine . 

To the solution of 2-chloro-6-methoxy~3-nitropyridine (5 
g) and 5-aminoindazole (3.7 g) in methanol (60 ml) was added 
triethylamine (4.1 ml), and then the solution was reacted at 
25-30 °C for 5 hr. The reaction mixture was cooled at room 
temperature with slowly adding H2O (30 ml) ^ and then stirred 
for 0.5 hr- The reaction mixture was filtered, washed with 
methanol (10 ml), obtained a solid product. The solid product 
was dried at 50*0 in vacuo to obtain the desired compound (6.5 
g, 86%) . 

m.p. : 206-208 V 

^H-NMR (DMSO-d^) , ppm : 5 3.80 (s, 3H) , 6. 32 (d, IH) , 7 . 55 (m, 
2H) , 8.06(s, 2H) , 8.43(d, IH) , 10.52(s, IH) , 13.09(br s, IH) 

<Example 2> Preparation of 2- (lH-6-indazolylamino) -6-iaethoxy 
■"3-nitropyridine , 
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To the solution of 2-chloro-6-niethoxy-3-nitropyridine (5 
g) and 6-aminoindazole (3.9 g) in methanol (60 ml) was added 
triethylamine (4.1 ml), and then the solution was reacted at 
55-60 "C for 14 hr. The reaction mixture was cooled at room 
temperature, added H2O 30 ml slowly at 25 °C, and then stirred 
for 0.5 hr. The reaction mixture was filtered, washed with 50% 
aqueous methanol solution (15 ml) and obtained a solid product. 
The solid product was dried at 50 "C in vacuo to obtain the desired 
compound (6.8 g, 90%). 

m.p. : 261-264 °C 

^H-NMR (DMSO-de) , ppm : 6 3.94 (s, 3H) ,6.39 (d, IH) ,7.24 (m, 
IH), 7.71(d, IH), 8.01(s, IH), 8.19(s, IH) , 8.44(d, IH) , 10.62(s, 
IH) , 13.04 (br s, IH) 



<Exainple 3> Preparation of 2- (lH-5-indazolylamino) -6-methyl 
amino-3-nltropyridine . 

To the solution of methanol with 40% methylamine (20 ml) 
was added 2- ( lH-5-indazolylamino) -6-methoxy-3-nitropyridine 
(1 g) obtained by the example 1, and the solution was reacted 
at25°C forlhr. The reaction mixture was added H2O (20ml) slowly 
and stirred for 1 hr. The reaction mixture was filtered, washed 

20 
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with 30% aqueous methanol solution (5 ml) and then obtained a 
solid product. The solid product was dried at 50-60 in -vacuo 
to obtain the desired compound (0.82 82%). 
m.p. : 238-240 °C 

^H-NMR (DMSO-ds), ppm : 6 2 - 8 6 (d, 3H) , 6 . 0 9 (d, IH) , 7.51 (d, 
IH), 7.57 (d, IH) , 8.05(t, 2H) , 8.24 (d, 2H),10.97(s, IH) , 13.05(br 
s. IH) 

<Example 4> Preparation of 2- {lH-6-indazolylamino) -6-methyl 
amino-3-nitropyridine . 

To the solution of methanol with 40% methylamine (20 ml) 
was added 2- (liZ-G-indazolylamino) -6-methoxy-3-nitropyridine 
(1 g) obtained by the example 2, and the solution was reacted 
at 25-30 "C for 2 hr . The reaction mixture was cooled and stirred 
at 20 °C for 0.5 hr. The reaction mixture was filtered, washed 
with methanol (4ml) and then obtained a solid product . The solid 
product was dried at 40^C in vacuo to obtain the desired compound 
(0.79 g, 79%) . 

m.p. : > 270 

^H-NMR (DMSO-de) . ppm : 6 2. 98 (d, 3H) ,6.15 (d, IH) , 7 . 18 (d, 
IH) , 7.69(d, IH), 7.99(s, IH) , 8.09 (d, IH) , 8.35 (brs, IH) , 8.44 (s. 
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<Example 5> Preparation of 2- (lH-5-indazolylamino) -6-isopropyl 
amino-3-nitropyridine . 

To the solution of 

2- (lil-S-indazolylamino) -6-methoxy-3-nitropyridine (1 g) 
obtained by the example 1 in methanol (20 ml) was added 
isopropylamine (20 ml) slowly and reacted at 45^0 for 20 hr. 
The reaction mixture was cooled, added H2O (60 ml) at 25°C and 
then stirred for 1 hr . The reaction mixture was filtered, washed 
with 20 % aqueous methanol solution (5 ml) and then obtained 
a solid product . The solid product was dried at 50~60t; In vacuo 
to obtain the desired compound (1.05 g, 96%). 
m.p. : 233-235 V 

^H-NMR (DMSO-de) , ppm : 5 1.15(d, 6H) , 4.03 (m, IH) , 6.06(d, 
IH) , 7.50 (d, 2H), 8-05(m, 2H), 8.15(t, 2H), 10.97 (s, lH),13.0 6(br 
IH) 

<Example 6> Preparation of 2- (lH-6-indazolylamino) -6-isopropyl 
amino-3-nitropyridine . 

To the solution of 

22 
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2- (lH-6-indazolylaniino) -6-methoxy-3-nitropyridine (1 g) 
obtained by the example 2 in methanol (20 ml) was added 
isopropylamine (20 ml) slowly and reacted at 45°C for 45 hr. 
The reaction mixture was cooled and stirred at 25 "C for 1 hr. 
The reaction mixture was filtered;^ washed with methanol (5 ml) 
and then obtained a solid product. The solid product was dried 
at40— SOT) in vacuo to obtain the desired compound (0.95g, 87%). 
m . p . : > 2 7 0 °C 

^H~NMR (DMSO-dg) , ppm : 5 1 . 23 (d, 6H) , 4 . 17 (m, IH) , 6. 12 (d, 
IH) , 7-15(d, IH), 7.68(d, IH) , 8.00(s, IH) , 8.09(d, IH) , 8.28(d, 
IH) , 8.35(s, IH), 11.12(s, IH) , 13.08(brs, IH) 

<Example 7> Preparation of 2- (lH-5-indazolylamino) -6-isob-uthyl 
amino-3-nitropyridine . 

To the solution of 

2- ( lif~5-indazolylamino) -6-methoxy-3-nitropyridine (1 g) 
obtained by the example 1 in methanol (20 ml) was added 
isobuthylamine (15 ml) slowly and reacted at 45-^50*0 for 20 hr. 
The reaction mixture was cooled, added H2O (40 ml) slowly and 
then stirred at 25 °C for 1 hr . The reaction mixture was filtered, 
washed with 30% aqueous methanol solution (5 ml) , obtained a 
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solid product. The solid product was dried at 50~60*'C in vacuo 
to obtain the desired compound (0.95 g, 83%). 
m.p. : 230-232 t 

^H-NMR (DMSO-de) , ppm : 6 0, 83 (d, 6H) , 1. 83 (m, IH) , 3, 11 (d, 
2H), 6.11(d, IH), 7.50(s, 2H) , 7.99(s, IH) , 8.06(d, IH) , 8.19(d, 
IH), 8.39(t, IH), 10.91(s, IH) , 13.07(brs, IH) 

<Exaiaple 8> Preparation of 6-cyclopropylaniino-2- (lH-5-indazol 
ylamlno) -3-nitropyridine . 

To the solution of 

2- (lH-5-indazolylamino) -5-methoxy--3-nitropyridine (1 g) 
obtained by the example 1 in methanol (20 ml) was added 
cyclopropylamine (10 ml) slowly^ heated and reacted at 40— 45°C 
for 25 hr. The reaction mixture was cooled with adding H2O (40 
ml) slowly and stirred at 25 for 1 hr. The reaction mixture 
was filtered, washed with 30% aqueous methanol solution (5 ml) , 
obtained a solid product. The solid product was dried at 50 °C 
in vacuo to obtain the desired compound (0.82 g, 75%). 
m.p. : 237-240 ''C 

^H-NMR (DMSO-dg), ppm : 5 0.56(m, 2H) , 0.81(m, 2H) , 2.81(br 
s, IH) , 6.0 6 (d, IH) , 7.50 (d, IH) , 7 . 62 (d, IH) , 8 . 02 ( s , IH) , 8 . 09 (d. 
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IH), 8.46(s, IH), 8.57(s, IH) , 11.02(s, IH) , 13.04(br s, IH) 



<Example 9> Preparation of 6-amino-2- (lH-5-indazolylamino) - 
3 -nitr ©pyridine . 

To the solution of 

6-chloro-2- (IH-S-indazolylainino) -3-nitropyridine (1 g) 
obtained by the preparation example 1 in chloroform (20 ml) 
was added 7 N ammonia solution in methanol (30 ml) and reacted 
at 35 — 40 °C for 15 hr. The reaction mixture was cooled, 
concentrated under reduced pressure at 25 °C and then 
precipitated with treatment of methanol (10 ml) . The reaction 
mixture was filtered, which was recrystallised with methanol : 
methylene chloride =4: 1 to obtain the desired compound (0.63 
g. 67%) 

m,p. : 263 V (dec.) 

^H-NMR (DMSO-de), ppm : 5 6.05 (d, IH) , 7.48 (m, 2H) , 7.56(br 
s, IH), 7.65(br s, IH) , 8.01(s, IH) , 8.12(d, IH) , 8.28(s, IH) , 
10.81 (s, IH) , 13.06(br s, IH) 

<Example 10> Preparation of 6- (2-hydroxyethyl)methylamino-2- 
(lH-5-indazolylamino) -3-nitropyridine . 
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To the solution of 

6-chloro-2- (liJ-5-indazolylamino) -3-nitropyridine (1 g) 
obtained by the preparation example 1 in acetonitrile (20 ml) 
wasadded2-{methylamino)ethanol (1.4ml) and triethylamine (0.6 
ml ) and then ref luxed for 12 hr . The reaction mixture was cooled, 
precipitated with adding excess H2O at 2 0 ~ 25 °C , filtered to obtain 
solid. The above obtained solid was washed with water, dried 
at sot: In vacuo and recrystallised with chloroform : ether = 
1: 3 to obtain the desired compound (0.7 g, 62%). 
m.p. : 172 — 174 °C 

'h-NMR (DMSO-de), ppm : 5 3.14 (s, 3H) , 3.64(m, 4H) , 4.80(d, 
IH), 6.36(d, IH), 7.50(s, 2H) , 8.02(s, IH) , 8 . 15 (m, 2H) , 10.71(d, 
IH) , 13.03(br s, IH) 



It was prepared compounds in prepared example 11—30 as 
the same method used for the example 10. It is shown in Table 
1 that the compound name, yield, recrystallizing solution, 
melting point of compounds in prepared example 11~30 and 
3-nitropyridine derivatives (6) and amine compound (2) as 
starting materials. It is shown in Table 2 that ^"-NMR of 
compounds in prepared example 11- 30. 
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TABLE la 



Ex amp 
le 


Compounds 


3-nitropyridine 
derivatives {§) 


amine compound {1) 


Recryst alii sing 
soln 


Yield 
(%) 


m.p. ("O 


11 


6-ethyl- (2-hydroxyethyl ) amino~2- ( lK~5-indazolylamino ) -3-nitropyridine 


Preparation 
example 1 


2- (ethylamino) ethanol 


methanol /ether 
(1:2) 


52 


164-166 




6- [ (IS) -1- (hydroxyethyl) ethylamino] -2- (lH-5-indazolylamino) -3-nitropyri 

dine 


Preparation 
example 1 


(5) -2-amino-l-propanol 


ethanol 


75 


>270 




6~ [ ( IS) -1~ (hydroxyethyl ) ethylamino] -2- ( lH-6-indazolylamino ) -3-nitropyri 

dine 


Preparation 
example 2 


(S) -2-amino-l-propanol 


ethanol 


69 


264-265 


14 


6- [bis (hydroxymethyl) methylamino] -2- ( IH-S-indazolylamino) -3-nitropyridi 

ne 


Preparation 
example 1 


2-amino-l, 3-propanediol 


methanol 


80 


>270 


15 


2- (lH-5-indazolylamino) -6- ( 2-methoxy-l-methyl ) ethylamino-3-nitropyridin 

e 


Preparation 
example 1 


2-amino-l-methoxypropan 
e 


chloro form/ e the 
r (1:5) 


58 


138-142 


16 


6- [2- (dimethylamino) ethylamino] -2- ( lff-6-indazolylamino) -3-nitropyridine 


Preparation 
example 2 


A/^iST-dimethylethylenedia 

mine 


methanol/H20 
(1:2) 


84 


219-221 


17 


2- {lH-5'indazolylamino) -6- ( 4-methyl~-l-piperazinyl ) amino-3-nitropyridine 


Preparation 

example 1 


l-amino-4-'methylpiperaz 

ine 


mehanol /ether 
(1:4) 


78 


170-174 


18 


2- (lH-6-indazolylamino) -6- ( 4-methyl-l-piperazinyl) amino~3-nitropyridine 


Preparation 

example 2 


l-amino-4-methylpiperaz 

ine 


methanol 


56 


260 
(dec. ) 


19 


2- { lH-5-indazolylamino) ~3-nitro~6- ( 3-pyridyl ) methylaminopyridine 


Preparation 
example 1 


3- (aminomethyl) pyridine 


methanol/H20 
(1:1) 


81 


250-253 


20 


2- (lH-6-indazolylamino) -3-nitro-6- (3-pyridyl) methylaminopyridine 


Preparation 
example 2 


3- ( aminomethyl } pyridine 


ethanol 


77 


>270 


21 


2- (lH-5-indazolylamino) -3~nitro-6- ( 4 -pyr idyl) methylaminopyridine 


Preparation 
example 1 


4- (aminomethyl) pyridine 


ethanol/H20 
(2:1) 


75 


219-221 


22 


2- ( lH-6-indazolylamino) -3-nitro-6- (2-pyridyl ) methylaminopyridine 


Preparation 
example 2 


2- (aminomethyl) pyridine 


methanol /ethano 
1 (1:1) 


72 


256 
(dec. ) 


23 


2- (lH-5-indazolylamino) -3-nitro-6- ( 1-piperazinyl ) pyridine 


Preparation 
example 1 


piperazine 


ethanol 


78 


270 
(dec . ) 



27 
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TABLE lb 



Ex amp 
le 


Compounds 


3-nitropyridine 
derivatives (6^) 


amine compound (2) 


Recrystallising 
soln 


Yield 
(%) 


m.p . 


24 


2- (lH-6~indazolylaraino) -3-nitro~6- ( 1-piperazinyi) pyridine 


Preparation 
example 2 


piperazine 


ethanol 


88 


268 
(dec. ) 


25 


2- (IH-S-indazolylamino) -6- (4-methyl-l-pipera2;inyl) -3-nitropyridine 


Preparation 
example 1 


1-methylpiperazine 


methylene 
chloride /isopro 
pyl ether (1:5) 


63 


116-120 


26 


2- (IH-e-indazolylamino) -6- ( 4-methyl-l-piperazinyl ) -3-nitropyridine 


Preparation 
example 2 


l-methylpiperazine 


ethanol/HgO 
(1:1) 


60 


253 
(dec, ) 


27 


6- [4- (2-hydroxyethyl) -1-piperazinyl] -2- (lH-6-indazolylamino) '-3-nitropyr 

idine 


Preparation 
example 2 


N- ( 2-hydroxyethyl ) piper 

azine 


ethanol 


82 


215-217 


28 


6- (4-hydroxy-l-piperidinyl) -2- (IH-S-indazolylamino) ~3-nitropyridine 


Preparation 

example 1 


4-hydroxypiperidine 


ethanol 


76 


235-239 


29 


6- {4~hvdroxv-l-piperidinyl) -2- ( lH-6-indazolylamino) -3~nitrop 


yridine 


Preparation 
example 2 


4 -hydroxypiperidine 


methanol 


80 


270 — 272 


30 


2- (IH-S-indazolylamino) -6- ( 4-morpholinyl ) amino-3-nitropyridine 


Preparation 
example 1 


4-aminomorpholine 


methanol 


64 


>270 



28 
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TABLE 2a 



Example 


NMR 
solution 


■^H-NMR data (ppm) 


11 


DMSO-dg 


51.09(d, 3H), 3.56(s, 6H) , 4.80(d, IH) , 6.35(d, 
lH),7.49(s, 2H), 8.01(s, IH) , 8 . 15 (m, 2H) , 10.68(s, IH) , 

13.03 (br s, IH) 


12 


DMSO-dg 


61.13(d, 3H), 3.43(t, 2H) , 4.01(brs, IH) , 4.81(t, IH) , 
6.14(d, IH) , 7.51(t, 2H) , 8.01 (s, IH) , 8.0 6(d, IH) , 8 . 13 (d, 
IH), 8.20(s, IH), 10.92(3, IH) , 13.03(br s, IH) 


13 


DMSO-dg 


51.18(d, 3H), 3.51(in, 2H) , 4.13(brs, IH) , 4.81(d, IH) , 
6.19 (d, IH) , 7.20 (d, IH) , 7.69(d, IH) , 8.00(s, IH) , 8.08 (d, 
IH), 8,25(d, 2H), 11.09(br s, IH) , 13.03(br s, IH) 


14 


DMSO-dg 


63.54 (3, 4H), 4.00(3, IH) , 4.76(s, 2H) , 6.21(d, IH) , 
7.51 (m, 2H), 8.00(3, IH), 8.0 6(d, IH) , 8.12 (d, IH) , 8.23(s, 

IH) , 10.93(3, IH), 13.02(br 3, IH) 


15 


DMSO-de 


51.12(d, 3H), 3.19(3, 3H) , 3.26(m, IH) , 3.37(m, IH) , 
4.13(br 3, IH), 6.11(d, IH) , 7.50(s, 2H) , 8.00(s, IH) , 
8.07 (d, IH), 8.16(t, 2H), 10.86(s, IH) , 13.06(brs, IH) 


16 


DMSO-de 


52.11(3, 6H) , 2.45(3, 2H) , 3.49(s, 2H) , 6.21(d, IH) , 
7.23(d, IH), 7.69(d, IH) , 8.00(s, IH) , 8.09(d, IH) , 8.17(3, 
IH), 8.28(br s IH) , 11.04(s, IH) , 13.01(br s, IH) 


17 


DMSO-de 


52.30(3, 3H) , 2.83(br 3, 6H) , 3.16(3, 2H) , 6.49(d, IH) , 
7.50(t, 2H) , 8.03(3, IH) , 8.25(t, 2H) , 9.15(s, IH) , 
10.69(s, IH) , 13.06(s, IH) 


18 


DMSO-de 
+TFA-di 


52.80(3, 3H) , 2.99(br s,2H) , 3.06(brs, 2H) , 3.23(br3, 
2H), 3.46(brs, 2H) , 6.54(br3, IH) , 7.27 (d, IH) , 7.71(d, 
IH), 8.14(s, IH), 8.26(br s, 2H) 


19 


DMSO-dg 


54.51(3, 2H), 6.18(m, IH) , 7.26(br 3, IH) , 7.38(d, IH) , 
7.43 (d, IH), 7.51 (d, IH) , 7.93 (s, 2H) , 8.14 (d, IH) , 8.42(3, 
2H), 8.77(br s, IH) , 10.80(s, IH) , 13.03(brs, IH) 


20 


DMSO-de 


64.62(3, 2H), 6.22(d, IH) , 7.15(d, IH) , 7.27(brs, IH) , 
7.64 (d, 2H), 8.00(3, IH) , 8.15 (s, 2H) , 8.42 (s, IH) , 8.50 (s, 
IH), 8.80(br s, IH) , 10.99(s, IH) , 13.01(brs, IH) 


21 


DMSO-dg 


54.51(3, 2H), 6.23(d, IH) , 7.15(s, 2H) , 7 . 32 (m, 2H) , 
7.85(d, 2H) , 8.16(d, IH) , 8.43(m, 2H) , 8.79(t, IH) , 
10.77(3, IH), 13.01(br 3, IH) 


22 


DMSO-de 


64.70(3, 2H), 6.30{d, IH) , 7.15(d, IH) , 7.25(m, 2H) , 
7,58 (d, IH) , 7.66(t, IH) , 7.99(3, IH) , 8.06(s, IH) , 8.15 (d, 
IH), 8.52(d, IH), 8.85(br 3, IH) , 10.98(s, IH) 12.98(br 
s, IH) 


DMSO idimethylsulf oxide, TFA : trif luoroacetic acid 



5 
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TABLE 2b 



Example 


NMR 

solution 


^H~NMR data (ppm) 


23 


DMSO-dg 


52.70(s, 4H), 3.59(s, 4H) , 6.46(d, IH) , 7,51(s, 2H) , 
7.96(s, IH}, 8.03(s, IH) , 8.16(d, IH) , 10.55(s, IH) , 
13. 07 (br IH) 


24 


DMSO-dg 


62.76(s, 4H), 3.66(s, 4H) , 6.51(d, IH) , 7.16(d, IH) , 
7.69(d, IH) , 8.00(s, IH) , 8.07(d, IH) , 8.20(d, IH) , 

10.82(s, IH), 13.07(br s, IH) 


25 


DMSO-de 


52.17(s, 3H), 2.34(s, 4H) , 3.65(s, 4H) , 6.48(d, IH) , 
7.51(t, 2H) , 7.96(d, IH) , 8.04(d, IH) , 8.18(d, IH) , 
10.59(s, IH), 13.07(brs, IH) 


26 


DMSO-dg 


52.21(s, 3H), 2.40(s, 4H) , 3.74(brs, 4H) , 6.54(d, IH) , 
7.17(d, IH), 7.70(d, IH) , 8.00(s, IH) , 8.07(d, IH) , 
8.22(d, IH), 10.78(s, IH) , 13.06(brs, IH) 


27 


DMSO-dg+TF 
A-di 


53.19{t, 4H), 3.59(m, 4H) , 3.74(t, 2H) , 4.51(brs, 2H) , 
6.50(d, IH), 7.17(d, IH) , 7.69(d, IH) , 8.08(d, 2H) , 

8.28(d, IH) 


28 


DMSO-dg 


51.35(m, 2H), 1.76(d, 2H) , 3.37(d, 2H) , 3.75(brs, IH) , 
3.99(brs, 2H) , 4.78(s, IH) , 6.50(d, IH) , 7.51(s, 2H) , 
7.98(d, IH) , 8.02(s, IH) , 8.17(d, IH) , 10.61(s, IH) , 
13.05(br s, IH) 


29 


DMSO-dg 


51.42(m, 2H), 1.82(d, 2H) , 3.45(t, 2H) , 3.79(brs, IH) , 
4.06(br s, 2H) , 4.82(s, IH) , 6.55(d, IH) , 7.18(d, IH) , 
7.69(d, IH), 8.00(s, IH) , 8.05(s, IH) , 8.19(d, IH) , 
10.81(s, IH), 13.06(s, IH) 


30 


DMSO-dg 


52.77(s, 4H), 3.68(s, 4H) , 6.55(s, IH) , 7,50(t, 2H) , 
8.02(s, IH), 8.25(t, 2H), 9.12(s, IH) , 10.67(s, IH) , 
13.04(3, IH) 


DMSO : dimethylsulf oxide, TFA : trif luoroacetic acid 



<Experiment 1> Inhibitory effect: on the in vitro activities of 
HBV polymerase in reverse transcription 

5 The following in vitro experiment was performed to determine 

the effect of the compounds of formula 1 on the activity of HBV 
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polymerase during reverse transcription. 

The present inventors submitted application for a patent 
concerning HBV polymerase genetically expressed in and separated 
from E.coli, the process of its preparation, and the method to 
measure the enzyme activities (KR 94-3918, KR 96-33998) . In 
the present experiments HBV polymerase was used which had been 
expressed in E. coll as stated above. 

The method used in the present invention to measure in 
vitro reverse transcribing activities of HBV polymerase is as 
follows. Basic principles are the same as for ELISA. 
Nucleotides with biotin or digoxigenin group attached are 
included as substrates and anti-DIG antibodies attached to 
peroxidase enzyme recognize the polymerized substrates. 

To the wells coated with streptavidin, 20fd of HBV 
polymerase, 20 fd of reaction mixture (10 |liM each of DIG-UTP and 
Biotin~UTP, 46 mM Tris-HCl, 266 mM KCl, 27.5 mM MgCla, 9.2 mM 
DTT substrate/primer hybrid) , and 20 /d of test compound (added 
to 1, 0.1, and 0.01 fig/mi) were added and allowed to react at 
22 1; forlShrs. During this reaction, HBV polymerase catalyzes 
DNA synthesis and digoxigenin and biotin attached to nucleotides 
form bonds with streptavidin coated on the bottom of wells . When 
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the reaction was done, each well was washed with 250 of cleaning 
buffer (pH 7.0) for 30 seconds, which was repeated five times 
to remove remaining impurities . 200 /^C of anti-DIG-POD antibody 
was added to each well and allowed to react for 1 hr at 37 
and the wells were washed with cleaning buffer to remove 
impurities. 200fd each of ABTS*^", a substrate of peroxidase, 
was then added and allowed to react at room temperature for 30 
min. Absorbance was measured at 405 nm using ELISA reader. 

The percentage of reduction in HBV polymerase activities 
for reverse transcription was calculated using the group without 
test compound as a control and the results are shown in Table 
3. 



TABLE 3a Effect on the HBV polymerase activities in reverse 



transription 



Compound 


Inhibition activity on HBV-RT (%) 


1 MQ/mt 


0.1 /zg/m£ 


0.01 jug/mt 


Example 1 


85 


54 


30 


Example 2 


76 


50 


12 


Example 3 


58 


47 


20 


Example 4 


60 


51 


26 


Example 5 


96 


87 


53 


Example 6 


91 


76 


49 


Example 7 


95 


80 


47 


Example 8 


72 


52 


38 
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TABLE 3b. Effect on the HBV polymerase activities in reverse 



transription 



Compound 


Inhibition activity on HBV-RT (%) 


1 m/^i 


0 . 1 jj^/ml 


0 . 01 /zg/m^ 


Example 9 


80 


59 


40 


Example 10 


78 


58 


50 


Example 11 


85 


60 


35 


Example 12 


90 


56 


38 


Example 13 


66 


35 


10 


Example 14 


85 


49 


30 


Example 15 


97 


68 


47 


Example 16 


80 


55 


38 


Example 17 


75 


52 


41 


Example 18 


70 


43 


25 


Example 19 


91 


58 


42 


Example 20 


66 


40 


21 


Example 21 


94 


65 


45 


Example 22 


81 


60 


49 


Example 23 


96 


66 


51 


Example 24 


62 


43 


20 


Example 25 


88 


54 


35 


Example 2 6 


63 


40 


18 


Example 27 


60 


38 


15 


Example 28 


55 


34 


20 


Example 29 


52 


35 


10 


Example 30 


71 


49 


32 



As shown in Table 3, compounds of the present invention 
5 have excellent inhibitory effects on the HBV polymerase 
activities with more than 90% inhibition at the concentration 
of 1 |ag/ml. Moreover, compounds of the present invention are 
not expected to 'have problems such as toxicity and development 
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of resistant viruses as observed in the use of nucleosides and 
maybe applied together with nucleoside compounds due to different 
mechanisms of action. 

In summary, compounds of the present invention effectively 
5 reduce the activities of HBV polymerase, inhibit replication 
and proliferation of HBV and may be useful as therapeutics for 
prevention and treatment of hepatitis B. 

<Experi]nen'b 2> Inhibitory effect on the proliferation of HBV 
10 in HBV producing cell line 

The following experiment was performed to determine 
inhibitory effects of compounds of formula 1 on the proliferation 
of HBV producing cell line. 

To test for antiviral effect, replication andprolif eration 
15 of HBV were measured in HepG 2.2.15, a human liver cancer cell 
line . 

The cell concentration was adjusted to 1x10^ cells/m-ft and 

1 mi was added to each well of a 24~well cell culture plate, which 

was then kept in a culture box for 3-4 days at 37 "C under 5% 

20 CO2 until cells grew sufficiently, changing culture medium 

everyday. When the cells matured sufficiently, the test 

34 
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compounds were added to the final concentrations of 0.01, 0.1, 
and 1 us/ml. One week after the addition of test compounds, the 
culture solution was centrifuged at 5,000 rpm for 10 min. 25 
fd of supernatant was transferred to a new tube and 5 M of lysis 
solution [0.54N NaOH, 0.06% NP40]was added to each tube. After 
keeping the tube at 37 °C for 1 hr, 30 fd of neutralizing solution 
[0.09NHC1, 0. IMTris-HCl, pH7.4] was added as a reaction solution 
for competitive polymerase chain reaction (PGR) . 

PGR was performed using genetic sequence of HBV core protein 
as a matrix. PGR reaction was carried out by adding 1 unit of 
Taq polymerase enzyme to 25 pmol of each primer, 250 |j.M dNTP, 
5 fd of PGR reaction solution [0.54NNaOH, 0.06% NP40, 0.09NHC1, 
O.IM Tris-HGl, pH 7.4]. 

DNA polymerized by PGR was electrophoresed on Agarose gel 
and quantitatively analyzed using an image analyzer (Gel Doc 
1000, Bio-Rad) in order to evaluate the effect of compounds of 
the present invention on the reduction of HBV proliferation. 

3TG (lamivudine) was used as a positive control at the 
same concentrations as those of the test compounds. The 
percentage of reduction in HBVproliferation was calculated using 
the group without test compound as a control and the results 
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are represented in Table 4 - 



TABLE 4 Inhibitory effect on the HBV proliferation 



Compound 


Inhibition activity on HBV-RT (%) 


1 m/y^i 


0.1 m/^l 


0.01 yttg/m« 


Example 1 


82 


45 


20 


Example 2 


72 


40 




Example 3 


53 


35 




Example 4 


58 


40 




Example 5 


y 4 


O 1 

81 


41 


III A.C3.XUj^ J.C D 


90 


72 


33 


Example 7 


93 


75 


30 


Example 8 


65 


46 


25 


Example 11 


83 


45 


20 


Example 12 


85 


48 


29 


Example 14 


80 


41 


22 


Example 15 


95 


60 


36 


Example 19 


85 


51 


30 


Example 21 


90 


50 


33 


Example 23 


92 


55 


35 


Example 25 


83 


46 


25 


3TC 


99 


80 


48 



As shown above in Table 4, non-nucleoside compounds of 
the present invention have excellent inhibitory effect on the 
HBV polymerase activities in reverse transcription with more 
than 80% reduction of HBV proliferation at the concentration 
of 1 /zg/m-C. Moreover, compounds of the present invention, being 
non-nucleosides, may not have problems such as toxicity and early 
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development of resistant virus strains observed in the use of 
nucleoside substances. It is also expected that compounds of 
the present invention may be used in parallel with nucleoside 
compounds since the former act on allosteric binding pockets 
5 while the latter act in the domain of polymerase activities. 

As described above compounds of the present invention 
have excellent inhibitory effect on the HBVpolymerase activities 
important in reverse transcription step of HBV replication. 
Based on the mechanism, these compounds are able to effectively 
10 control HBV proliferation and may be useful as therapeutics for 
prevention and treatment of hepatitis B. 

<Experiment: 3> Inhibitory effect on the in vitro HIV enzyme 
activities In reverse transcription 

15 The following in vitro experiments were done to determine 

the effect of compounds of formula 1 on the reduction of HIV 
enzyme activities in reverse transcription. 

Non-radioactive reverse transcriptase assay kit 
(Boehringer Mannheim) was used in the measurement of in vitro 

20 transcriptase activities. 20 [d (40 ng) of HIV transcriptase 

and 20 [jJL of reaction mixture containing matrix-primer hybrid 
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poly (A) oligo (dT) 15, DIG (digoxigenin) -dUTP, biotin-dUTP, and 
TTP were added to wells coated with streptavidin . Test compounds 
were also added at the final concentrations of 0 . 1 and 1 fig/ml 
and allowed to react at 37 °C for 1 hr . At this time, DNA is formed 
from RNA by the action of HIV reverse transcriptase, forming 
bonds with streptavidin coated on the bottom of wells because 
of digoxigenin and biotin moieties attached to nucleotides. 

When the reaction was completed, each well was washed with 
250 /d of cleaning buffer (pH7,0) for 30 sec. five times to remove 
remaining impurities . 200 M of anti-DIG-POD antigen was added 
to each well, allowed to react at 37 for 1 hr and washed as 
above to remove impurities. 200 /d of ARTS™, a substrate for 
peroxidase, was added to each well and allowed to react at room 
temperature for 30min. Absorbance at 405 nm was then read for 
each solution using ELISA reader and used for quantitative 
determination of inhibitory effect on the HIV transcriptase 
activities. The percentage of reduction in the activities of 
HIV reverse transcriptase was calculated using the group without 
test compound as control and the results are represented in Table 
5. 
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TABLE 5 Inhibitory effect on the activities of HIV reverse 



transcriptase 



Compound 


Inhibition activity on HBV-RT (%) 


1 /ig/mi 


0.1 /£g/mi 


Example 1 


75 


35 


Example 4 


70 


51 


Example 5 


55 


20 


Example 6 


69 


50 


Example 7 


72 


45 


Example 11 


67 


46 


Example 12 


64 


40 


Example 14 


59 


44 


Example 16 


75 


51 


Example 20 


84 


53 


Example 21 


72 


39 


Example 27 


81 


45 



As shown above in Table 5 , compounds of the present invention 
have excellent inhibitory effect on the activities of HIV reverse 
transcriptase, having more than 70% reduction at the 
concentration of 1 [ig/ml. Moreover;, it is expected that compounds 
of the present invention, being non-nucleosidic, do not have 
problems such as toxicity and early development of resistant 
virus strains observed in the use of nucleoside substances. 
Furthermore, compounds of the present invention may be used 
together with nucleoside compounds since the former act on 
allosteric binding pockets while the latter act in the domain 

39 



wo 01/038306 PCT/KROO/01365 

of polymerase activities, 

As described above, compounds of the present invention 
have excellent inhibitory effect on the HIV enzyme activities 
in reverse transcription, which is a step in HIV replication. 
5 Based on the mechanism, these compounds are able to effectively 
control HIV proliferation and may be useful as therapeutics for 
prevention and treatment of AIDS. 

<Exper±men'b 4> Cybo-boxxci-by izes-b 

10 To determine if compounds of formula 1 exhibit cytotoxicity, 

in vitro tests were carried out using HepG2 cells with MTT analysis 
method as generally known and the results are in Table 6 shown 
below. 



TABLE 6 Cytotoxicity tests on HepG2 cells 



Compound 


Cytotoxicity on HepG2 




MCD^* 


Example 2 


>100 


100 


Example 6 


>100 


100 


Example 11 


>100 


100 


1) IC50: 50% Inhibitory Concentration (/zg/m^ ) 

2) MOD: Minimal Cytotoxic Concentration {/zg/m£ ) 



15 

As shown above in Table 6, compounds used in the experiments 
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have higher than 100 for IC50 and are considered to have 

little cytotoxicity. 

<Exper±men'b 5> Acut:e toxicity in rats tested via oral 
5 administration 

The following experiments were performed to see if 
compounds of formula 1 have acute toxicity in rats. 

6-week old SPF SD line rats were used in the tests for 
acute toxicity. Compounds in the examples of 1-^22 were 

10 suspended in 0.5% methylcellulose solution and orally 
administered once to 5 rats per group at the dosage of 2 g/kg/lSra-^ . 
Death, clinical symptoms, and weight change in rats were observed, 
hematological tests and biochemical tests of blood performed, 
and any abnormal signs in the gastrointestinal organs of chest 

15 and abdomen checked with eyes during autopsy . The results showed 
that the test compounds did not cause any specific clinical 
symptoms, weight change, or death in rats . No change was observed 
in hematological tests, biochemical tests of blood, and autopsy. 
The compounds used in this experiment are evaluated to be safe 

20 substances since they do not cause any toxic change in rats up 

to the level of 2 g/kg and their estimated LD50 values are much 
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INDUSTRIAL APPLICABILITY 

As described above, novel 3-nitropyridine derivatives of 
formula 1 in the present invention have dramatic inhibitory effect 
on proliferation of HBV and of HIV with little side effect and 
may be useful as therapeutic agents for prevention and treatment 
of hepatitis B and AIDS. 

Moreover, it is expected that compounds of the present 
invention, being non-nucleosidic, do not have problems such as 
toxicity and early development of resistant virus strains 
observed in the use of nucleoside substances. Furthermore, 
compounds of the present invention may be used together with 
nucleoside compounds since the former seem to act on allosteric 
binding pockets while the latter work in the domain of polymerase 
activities . 
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WHAT IS CLAIMED IS; 

1. 3-Nitropyridine derivatives and their pharmaceutically 
acceptable salts as represented by formula 1. 
Formula 1 



R3 is H, hydroxy, dialkylamino group with Ca^Ce, straight 
or branched hydroxyalkyl group with C2^Ce, straight or branched 
dihydroxyalkyl group with C^^Csr alkoxyalkyl group with C^'^C^r 
or saturated or unsaturated heterocyclic compounds containing 
1 to 3 heteroatoms selected from O, and which may be 
unsubstituted or substituted with alkyl group of Ci-^Ca; R3 may 
or may not contain asymmetrical carbons; 

R4 is straight or branched alkyl group with Cx-^C/^f or 
cycloalkyl group with C3^C^; 

R3 and R4 both may consist of 5 or 6 membered heterocyclic 
ring containing 1~3 heteroatoms selected from O, and S, which 




Wherein, 



Ri is methoxy or 



^4 ; 
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is unsubstituted or substituted with straight or branched alkyl 
group with straight or branched hydroxyalkyl group with 

C2'^C^r or hydroxy; 

R2 is indazol-5-yl, or indazol-6-yl; 
5 n is an integer between 0 and 3. 



2. Process for the preparation of 3-nitropyridine 
derivatives of formula 1 comprising the following two steps as 
represented in scheme 1: 
10 Step 1 . Synthesis of 3-nitropyridine derivatives of formula 

6 by reacting 2-chloro-3-nitropyridine derivatives of formula 
4 with 5-aminoindazole or 6-aminoindazole of formula 5 in the 
presence of a base; 

Step 2. Preparation of 3-nitropyridine derivatives of 
15 formula 1 by reacting 3-nitropyridine derivatives of formula 
6 synthesized in step 1 with amine compounds of formula 7 
Scheme 1 
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Wherein, X is chloro or methoxy group; 

R2a ^3/ ^4 ^ncl n are as defined in formula 1. 

5 

3. Method for preparation of 6-methoxy-3-nitropyridine 
derivatives of formula 6 by reacting 

2-chloro-6-methoxy-3-nitropyridine derivatives of formula 4 
with 5-aminoindazole or 6-aminoindazole of formula 5 in the 
10 presence of a base as in scheme 2- 

Scheme 2 
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Wherein, R2 is as defined in formula 1. 

4. Therapeutic agent and a preventive agent for hepatisis 
B with 3~nitropyridine derivatives and their pharmaceutically 
acceptable salts in claim 1 as effective ingredient. 

5, Therapeutic agent and a preventive agent for acquired 
immune deficiency syndrome (AIDS) with 3-nitropyridine 
derivatives and their pharmaceutically acceptable salts in claim 
1 as effective ingredient. 
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